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AMES Theodorus was born in Swammerdamme, à village of Holland 
fituated upon the Rhine between Leyden and Woerden; and removing 
afterwards to Amſterdam, where he carried on the timber trade, obtained 
the ſurname of Swammerdam. from, . lace of his nativity. In this laſt 
place heaven bleſſed him on Sg January in the year Mpcv1, with 
a ſon, who was: called Jo 13 1 who followed in that 
famous city the buſineſs of an ap ry. As this John was very ſtudious 
of natural hiſtory, and very well ſkilled; in ſeveral branches of. it, ſo he 
diligently improved every opportunity of cultivating it, which his reſidence 
and way of life afforded ;” and for fifty years together ſpared: neither pains 
or expence in procuring proper materials for that purpoſe. And indeed his 


collection was very m cent, his houſe being full of animals, inſects 
eſpecially, vegetables, and foſſils, though without nh lcaſt confuſion, every 


thing being diſpoſed i in its proper place and order. But the chief ornaments 
of his muſeum were curioſities from both the Indies, and particularly the 
porcelain of China and Japan, Both citizens and ſtrangers viewed this 
collection with admiration ; * the greateſt princes, that paſſed throu gh 
Amſterdam, viſited it, as one of the things beſt worth their attention in 
that famous city. Many of theſe, delighted with the fight of ſo beautiſul a 
ſpectacle, offered to — it, but were ſurpriſed at 30 price, the poſſeſſor 
valuing it at og thouſand Dutch florins ; though after his death, when his 
curioſities were ſold publickly i in ſingle lots, — ſcarce fetched one ſixth of 
that price. | 

This great naturaliſt, and Barentje Corver, daughter of John Janſz Corver, 
were the parents of John Swammerdam, who was born at Amſterdam the 
twelfth of February 31 DCXXXYIT,. and lived to be the celebrated author of 
this valuable work. 

His father Bret him for the 4 and with this view x». took care to 
procure him early inſtructions in Latin —— Greek; but our author, after a 
ſerious examination of his own diſpoſition and talents, thought himſelf une- 
qual to ſo important a taſk, and brought his father to change his former 
intention, who thereupon conſented to his ſon's applying himſelf to phyſic; 
but as he kept him at home till he ſhould be properly qualified to engage in 
that ſtudy, he frequently employed him in cleaning his curioſities, and put- 
ting every thing in its proper place. This occupation inſpired our author in 

a a manner 


a manner from his childhood, with a taſte for natural hiſtory, ſo that not 


up, he very ſeriouſly attended to his ana 


ies that his father had purchaſed, he 


content with the ſurvey of thoſe-curijeſities | xd, 
ſoon began to make a collection of his own by catching ſome, and buying or 
bartering for others, all which he diſpoſed in certain claſſes; and compared 
with the accounts given of them by the beſt writers. However, when grown 
and medical ftuGes, but all 
the while with a mind bent on attempts of greateſt im Ac- 
cordingly he ſpent both day and night in diſcovering, catching, and examin- 
ing, the flying inſects proper to thoſe two different times, not only in the 
province of Holland, but in that of Gueldres, and in the the province of 
Utrecht. He ranſacked with this view the air, the land, and the water; 
fields, meadows, paſtures, corn grounds, downs, waſtes, ſand hills; rivers, 


» IN „ak + dtheir,-{hoxes or $3 8 PI ruins, 
ws eee e r 


_ Caves, Uuninhabited places, and even bog 


Nymphs, and Butterflies; in order to make himſelf acquainted with the neſts 
5 inſects, their food, manner of living, diſorders, changes or mutations, 
and their ſeveral ways or methods of propagation; and, indeed, while yet 
a very young man, he had made more diſcoveries" in regard te afl theſe par- 
tieulars, and obtained more certainty, than the known authors ef all the 
preceding ages put together. This, however incredible it may appear eo 
ſome, is notwithſtanding matter of fadt. Perſons e Armin judge 
of his ſucceſs, have honoured it with the fame teſtimn ß. 
Our author, thus initiated in natural hiſtory, came to Leyden in the year 
MDCL1, to, purſue his ſtudies in the Dutch univerſity, of which he Was 
admitted a member the eleventh of October, and attended aſſiduouſſy for two 
years together the lectures in fargery of the celebrated John Van Horne, and 
thoſe in phyſic of Francis Sytvius de Ia Boe; and his progrefß in*thoſe 
noble ſtudies was fo anſwerable to his diligence, that on the eleventh of 
October M DLXIII, he was admitted a candidate of phyſic in that famous uni- 
verſity, after undergoing the examinations preſcribed on that occaſion. Our 
author, on his arrival at Leyden, contracted a friendſhip with that great 


anatomiſt Nicholas Steno, and ever after lived with him in the greateſt 


intimacy, He likewiſe commenced a friendſhip with Rynier de Graaf, 


another eminent anatomiſt ; but emulation, or rather envy, afterwards 
changed it to an inveterate hatred. The curiofities of anatomy now began to 
make a conſiderable impreſſion on our author, formed it ſeems by nature 


herſelf for the cultivation and improvement of that noble ſcience ; fo that 


having gone through his courſes with the moſt ſudden and unexpected ſucceſs, 
he immediately began to conſider how the parts of the body prepared by 
diſſection, could be preſerved and kept in conſtant order and readineſs for 
anatomical demonſtrations ; as ſuch a diſcovery would free him not only 
from the trouble of repeated diſſections, but likewiſe from the difficulty of 
obtaining freſh fubjects, and the diſagreeable neceſſity of inſpecting ſuch as 
were .already putrefied. And herein he ſucceeded, as he had done before, in 
his nice contrivances to diſſect and otherwiſe manage the minuteſt inſects. 
Sylvius, the moſt diligent anatomiſt of his time, made good uſe of this our 
author's great art and indefatigable induſtry ; but was chiefly delighted at his 
extraordinary ſkill in diſſecting Frogs; for Swammerdam had demonſtrated to 
him by actual experiment, fo early as the fifteenth of January of this year, 
that in this animal the air at the time of inſpiration could be derived to the 
artery and pulmonary vein, and thence to both regions of the heart. See 
Sylv. Diſp. Med. VII. f. Lxxix. — IxXXXVIII. | : 1 
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Aſter this our author made a j into France, where he ſpent ſome 
time at Saumur, in the houſe of Tanaquil Faber, and made a of obſer- 
vations upon inſects. It was there, that on the nineteench of June t dc 1.x1v, he 


diſcorered, by means of very {lender tubes, che valves of the lymphatic veſſels, 
a b own hand, 


to his friend: Steno, Who he then thought reſided at Copenhagen. See his 
2 3 page 90, 91. 0 afterwards wrote on Fhevenot on 
twenty-fourth . of September in the year following, perhaps the 
famous Frederick Ruyſh might have ſeen thoſe paintings -before he publiſhed. 
his own on the ſame ſubject: this he mentioned to Thevenot, on occaſion of 
his him from Paris to Amſterdam, the little treatiſe on thoſe valves 
which Ruyſh publiſhed the ſame year at che Hague. But Swammerdam 
barely hinted without directly charging 1 with plagiariſm, which 
he ons it is impoſſible for him to on the contrary, he expreſſes a 
great deal of affection for his rival in this di „and ſays, he is ſincerely 
rejoiced at his having the honour of it. And no doubt 3 did 
no more than juſtice to Ruyſh's merit on this occaſion, as this laſt, long 
before the edition of his kad ſhewed theſe valves to others, and even 
to Bils. But the letters direded, to Steno at Copenhagen, could not reach 
his hands in Holland, where he then reſided, but very late; and if Ruyſh had 
ſeen them, how could he have had the affurance to publiſh bete taken 
notice of, without Swammerdam, who was then living, and even 
on the ſpot. Among other things, our author, during his ſtay in the neigh- 
bourhood of the Loire, obſerved and deſcribed the flying inſect called Libella 
or Dragon Fly, and likewife ſome Hemerobia or Day Flies. From Saumur 
he went to Paris, where he lived in the ſame houſe, and in the-greateſt 
7 ip wi He hk iſe contracted an intimacy with Melchiſedec 
gentleman, and formerly the French king's miniſter 
at Genoa, who moſt bol -ctably: received and entertained him 2 Steno at 
his. pleaſant country ſear of Vil, at a few miles diſtance from Paris, and 
thereby afforded our author an opportunity of making further obſervations 
upon the inſect creation. Not Alsfeld with this piece of politeneſs, he in 
confideration of Swammerdam's ſingular abilities, and the great pains he 
had taken to cultivate them, made him a moſt liberal offer of every thing 
he thought requiſite to promote his ſtudies. Our author ever retained a 
grateful s memory of thoſe favours and others which he aft from time 
to time 2 received from this great reſpecter of merit; and a little 
before his death owns in one of his letters, that he had ney r found-in any 
other perſon, ſo true, faithful, and ſure a friend. Thevenot introduced his 
gueſt to a great many other nrentlechen, who met frequently at his houſe with 
a view of cultivating the arts and ſciences ; but in all their aſſemblies our 
author continued for a long time, notwithſtanding all the company's entreaties, 
a filent auditor only, till his modeſty at laſt overcome by repeated 
importunities, he found himſelf obliged to give one and then another 
ſpecimen of his manner of diſſectin — and of ſhewing their inward 
parts; by which he gained great «applauſe as by his tacit (kill he effectually 
filenced the talkative 1 Thevenot, moreover, ſtrenuouſſy 


recommended our author's fkill - _ great man Conrad Van Beuningen, 
a ſenator and burgomaſter of Amſterdam, and at that time that republick's 
miniſter at the court of France; who! obtained leave for Swammerdam 
at his return home, to diſſect the bodies of ſuch patients as ſhould 
happen to die in the hoſpital of that city: and our author im ay 2a 
ect 1mſe 
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; W ch inns od ee eee e providence. . in our 
author's way at this time, as the principal phyſicians of Amſterdam had 
formed a college, and had agreed to meet together every other week in 
order to confer on medical, but chiefiy anatomical ſubjects, 4 make 
experiments relative thereto. The obſervations of this ſociety of learned 
men were afterwards publiſhed by Caſper Commelin, in the year M pcLxvi and 
LXV11, before 5 had "3G created doctor of phyſic; notwith- 
ſtanding which, he was the firſt to furniſh materials for it. It was he, and 
he * A that made in the ſaid college, with his own hand, a draw¾ing of 
the ſpinal marrow, publiſhed by Blaſius at the ſame ee ; and on this 
occaſion he wrote to Thevenot the followin I. That the 
ſpinal marrow conſiſts entirely of fibres. II. W thoſe diſtinct fibres meet 
and terminate in ſome part of the brain. III. That there iſſue fibrous nerves 
from the fibres of the ſpinal marrow. IV. That the pia mater is altogether 
extended into hollow ſheaths. V. That all theſe things may be eaſily ſeen, 
by ſuddenly placing the yet warm ſpinal marrow along with the vertebræ 
containing it, in cold water, and breaking the vertebræ with great caution 
from the marrow, after having ſuffered both to remain in that ſituation ö 
the ſpace of a day and a night. This letter was written the firſt of April 
MDCLXV1; our author at the ſame time tried many experiments by injecting the 
veſſels of living animals with various liquids. See de Reſp. page 103 and 107. 
He even made ſome chemical experiments on the cold fermentation produced 
by mixing together the ſalt of urine, and the ſpirit of glauber ſalts, ibid. p. 111. 
He then too compoſed that laborious: eſſay on reſpiration, which he was to 
maintain on his declaiming for his degrees in phyſic. We may be convinced by 
reading this performance, that he only purſued ſuch things as he thought of 


in his own way, and of whoſe truth he had ſatisfied himſelf, and IE con- 
vince others by by oye without borrowing any — from other 


writers. Having finiſhed this diſſertation, he came back to Leyden to take 
out his Par foe, ; and took occaſion of his ſtay there to cultivate a moſt 
intimate friendſhip with the famous\Van Horne, who had been formerly his 
preceptor in the ſtudy of anatomy. , With this gentleman he then practiſed 
this uſeful art, and prepared a great many things in many various ways, 
while both publickly owned a community of ſentiments and diſcoveries. 
The profeſſor moſt liberally ſupplied: all kinds of materials, the other directed 
the work, and at the ſame time made with his own hands the moſt maſterly 
drawings of each diſcovery, which he immediately forwarded with ſuitable 


obſervations to Matthew Slade. Nothing here was wanting to carry on ſo 


laudable an undertaking. Van Horne's liberality contributed the ſubjects, the 


inſtruments, and every other expence ; and Swammerdam's wonderful ſkill was 
day and night employed in making proper uſe of them. It was at this time, 
and on the twenty-ſecond of January u pc1xv11, that in Van Horne's own houſe, 
Swammerdam firſt injected the uterine veſſels of a human ſubject with a 
ceraceous matter, which moſt uſeful attempt he afterwards improved and 
perfected. The twenty-ſecond of February of the ſame year, he was admitted 
to his degrees as doctor of phyſic, after having publickly maintained his 
diatriba or theſis on reſpiration z which was then conceived but in ſhort and 
contracted arguments, but appeared the March following with conſiderable 
additions in a volume from the printing-houſe of Gaſbekios, with a dedication 
to the ne ee and adorned with a frontiſpiece of a moſt elegant 


* 
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3 eopulation of the hermapfirodite houſe Shall. 

Baptiſt Van Lamſweerde — in oppoſition to this of — 2 
2 vehement diſſertation, which he entitled, < An Exſpiration of 
Swe s Gyſtem of Reſpiration; but this attempt fell ſhort of its author's 
crop ge for; though Swammerdam's book may contain ſome things out of 
the way, che) will be readily excuſed by equitable judges, in conſideration of 
the a and juſt obſervations that are to be met with in every part of 
that work. Another occupation of Swammerdam's at this time was to blow 
up with air —— of the body firſt properly evacuated and cleanſed, that by 
; drying i in this ſituation they might aſterwards retain it, and ſo at all times 
: an opportunity of obſerving and deſcribing them. This certainly muſt 
a be allowed one of the moſt uſeful inventions in anatomy, as by it we can erect 
and ſtiffen parts, which would putrefy on lying one upon another, and which 
if injected with wax would be rendered obſcure and confuſed. © It was thus 
our author cultivated anatomy with the greateſt art and labour, in conjunction 
with the celebrated Van Horne; but a quartan ague, which attacked him this 
year, brought him ſo very low, that he found himſelf under a neceſſity of 
diſcontinuing his anatomical ſtudies, which on his recovery he entirely neglected, 
in order to give himſelf up to the ſtudy of inſects. In the year upeLxv1 the 
great duke of Tuſeany being then in Holland with Mr. Thevenot, in order 
to ſee the eurioſities of the country, came to view thoſe of our author and his 
father, and ſurveyed them with the greateſt delight, and his uſual taſte and atten- 
tion for natural y. On this occaſion Swammerdam made ſome anatomical 
diſſections of inſects in the preſence of that great prince, who was both a lover 
and a moſt ſkilful judge of ſuch things, arid who was ſtruck with admiration 
at our author's. great ſkill in managing. them, eſpecially at his proving that 
the future Butterfly lay with all its parts neatly folded up, in a Caterpillar, by 
actually removing — integuments that rect the "ch and extricating 


and diſtinctiy exhibiting all its parts, however minute. with incredible ingenuity, 
and by means of inſtruments of an unconceivable fineneſs. On this occafion 


his ſerene highneſs offered our author twelve , thouſand florins for his ſhare of 
the collection, on condition of his removing them himſelf into 1 and 
coming to live at the court of Florence. In this 3 rex thay ee 
very wiſely, as thoſe curioſities would be in the greateſt being loſt 
or becoming uſeleſs, if not preſerved and ſhewn by the . 
collected them, and who was alone capable of ſhewing every article, and 
exhibiting them to the greateſt advantage; but Swammerdam, who hated a 
court life above all things, rejected his highneſs's propoſal. Beſides, he 
could not put up with the leaſt reſtraint in religious matters, either in point 
of ſpeech or practice. In the mean time, he had the happineſs of diſcovering 


in the diſſection of an overgrown Acipenſer, a very large rr pn ie which, by 
_ diſcharging its fluid contents into the firſt- inteſtine through a great Frag 


| ſpacious and open-mouthed channels, gave a moſt — 9 
examining this, at that time, ſo famous and much- talked- of fluid, in 1 
on the ſtridteſt examination, he could. diſcover no acid taſte, but want 
bitteriſh rankneſs, reſembling that of gaurus, or pickle made of fiſh. c 
This our author — publickly, contrary to what had king "PIER 
adxanced by de Graaf and Sylvius.-- He- alſo made ſome” obfervations in the 
hoſpital, but — additions to his other inquiries; for he 
no made the nature and properties of inſects his chief ſtudy, and purfued it 
with infinite diligence; and without the leaſt relaxation; fo * in the year 
RAGE * — 5 chem, a work equally remarkable for 


the 


W he dedicated: xo the * = r 
a he was entirely bent on perfecti. A Am- 
of inſets from: y quarter of the world, and chen diſpoling d — 


. „ a com which was: attended wich great 
. ——— wee 


_ offence at his "fob 
bernd Lal Gant ee he had not as yet engaged 
t. His 

father on this account omitted no his dem for this his 
els way of acting, which eee eee eee ee 


thought] 

— 2 bark of erte om 
come” ſerved to make him 'redouble 
diſpoſition, o that he raight the Lane r 0l/ AIG he had | 
ſo courag 1 r unadviſedly, engaged; all che while ſtriving 
* n «aha as fon as he had com- 
pleted his r . | „ he would in good earneſt apply himſelf to the 
practice of phyſic. But his father ſeeing no probability of his ſon's accom- 
pliſhing his purpoſe, / nor yet of being able to divert him from it by far 
means, threatened him 3 if he did not immediately exert his 


talents as a phyſician, but y perſiſted in his anatomical ſtudies, his 


expenſive reſearches after inſets, and his experiments of that kind, he would 


neither ſupply him with money or cloaths; and to ſhove de was in carne; | 
he immediately deprived him of the means af what he had begun. 
Our author therefore, though exhauſted with continual laboure, and moreover 
afflicted with a continual bad tate: of health, at laſt conſented to take his 
father's advice, the juſtneſs of which he no- to a but his bad 


health rendered — A unfit to bear the attending the 
practice of phyſic, ſo that he thought it was —— that — ſhould” retire 


into the country for ſome time, in order to recover Ni ſtrength, and with a 
view of returning to his buſineſs with new force and ſpirits. But he was 
ſcarce ſettled in his country retirement, when in the month of June u pours, 
he relapſed into his former occupation, the torrent of his genius that way 
being ſo much favoured by the ſolitarineſs of the place, and the favourable 

opportunity of examining inſects in their very — and ſcenes of | 
tion, Thevenot, in the mean time, informed by his correſpondents in How 
of the diſagreement between.our author and: his father, and the bad con- 
ſequences that might probably attend it, did all that lay in his power to 
engage the former to retire into France, where: he moſt generouſly offered to 
provide him with every thing requiſite for: the purſuit of his favourite ſtudies. 


in any buſineſs that could ſerve to render” WO and independan 


But whatever impreſſion this propaſal might have made on the ſon, the father 


forbid him to acoept af it; as appears by a letter g his to Nr. Thevenot, 
dated the chyde dt Geber ofthe Bene years! The ſon upon this, to oblige- 
and appeaſe his incenſed father, made an accurate ſurvey of every curiofity ß 
s collection, put all things 1 


in the latter's grand and numerou 
Noe and compoſed a maſt exact oate of eee ee de ant 
abour, and a en loſs of time, | which he ever after-ſeverel 


The year following, uerxxs, having gone throwgh-this 1 5 
agreeable taſk, he was about pub pabhiching his treatiſe-on the Chameleon d 
Hemorobion, er Day-Fly; but afterwards thought proper to defer 'the- 


enn of thoſe * that . did not appear all che ycar Ixx v, 
chough 


* 


** 
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though che had: formerly primed: forme Tr of chem in e ng 
even in Fre, fo. eurdy u the peur ente | 
eee fait of e ee de bent debe Royal GSecteh ef London thee: 
Fler, and fur figures, in which be had repreſented the womb of a human 
ſubject, them at the fame time to that learned body. To them 
| kc addet> ſame-molt curious drawings of the ſpermatic vefſels, the tube of the 


wann, andthe ovary-'';All theſe curious picees had been fetched out in 
profelior Van Horie's: houſe: the twenty-firſt bf January, wpoixvriz 
though not ſimiſhed or i wich proper explanations till the ſeventh of 


May Mein Thus for the firſt time was. publiſticd a ſpecimen of a 
method, by which both arteries and veins, and their fineft ramifications, can 
be filled wu a ceraceous: matter, which not only renders thoſe parts 
viſable, but even incorruptible: and our author, to procure due credit to his 
drawing, ben with them the uterus itſelf prepared according to this hiv view. 
war oh yur eb was to have the opinion of 
and equitable judges kind of performances. thing 

he had in view, RO Ws IST An e eee eee 
faſt; inventor; for the diſcoveries relating to the ſpermatic veſſels, . 
celebrated Van Horne had before publiſhed in his Prodromus. But above all 
things, he by dd r 
| concerning ſome diſcoveries 
ion; and for this purpoſe he appealed to 
the Royal Society, to whom, as far as it 
— him, I ove ll por nd ep 8 Ke . e. 


K dls, aan wee other very uſkful anatorical dif- 
coveries: in particulat he diſſected a creat watab ws GAGE with a view chiefly 


„ and melt; and in the courſe of his inquirics 
often found in ſome a ancreas, with a great number of: ſpacious 
and eee — — the inteſtines: but above all things 


himſelf wich the greateſt diligence to find out by every trial that 
Deer and properties of the pancreatic fluid, 
of which be ſent many bottles full to the celebrated Charles Drelincouft, then 
profeflor of anatomy and phyſic in the univerſity of Leyden. All theſe 
pardibulain may be den iv the deere part " the Private College of 
Amſterdam, | publiſhed by O. Commelite in the MDCEXS11t ; for there is 
| e 

4 who there very mildly and modeſtly refutes de Graaf and 
9 the | pancreatic ala, though he formerly uſed to treat 
with great harſhneſs thoſe who contradicted his ſentiments, as appears in the 
literary controverſies he before this had maintained with de Graaf, Gafper, 
Bartholin, and others. But reli en and piety bad by thi time got the 
better of our author's warm and bborn temper. - to read forme 
books which the then pages Antonis Bourignon had a little before publiſhed; 


made ſo reflion Rim, chat a fri compliance with 
ul the de + pod] news cm Mee concern. 


He W e el 
after, but bent his endeavours more particularly to the unruly 
of the mind, a9d-abote- all that infurebls abit which te, us 


paſſions 
ſo deſuous of a ſu over others; n. mie 
all evil, he was defirons to extirpate and All chis time 
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a native 
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pliſhing his purpoſe, nor 


and: appeaſe his incenſed father, made an accurate ſurvey 
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_ great boldneſs in the attempt, and happy ſucces int the execution. : 
performance he dedicated to the — _ of Am- 
r ee eee worky and-colletiing 
quarter of the world, and chen diſpoſing chem an ſeparate 

„Which was attended wiel great | 


to 


7 
practice of - but inſtead 

— Et 3 
diſpoſition, r 


to divert his father's anger, by p he N 
pleted his undertaking . e eee | 
"a bf , Bu hi hr fig 0 probably of bi ſon's accom- 
| able to divert him from it by fair 
means, threatened him 8 that if he did not immediately exert his 
talents as a phyſician, but prey rs perſiſted in his anatomical ſtudies, his 


expenſive reſearches after inſects, and his experiments of that kind, he would 


neither ſupply him with money or cloaths; and to ſhew he was in earneſt, 
be india y deprived him of the means of . purſuing what he had begun. 

Our author dane though exhauſted with continual labours, and moreover 
afflicted: with a continual bad ſtate: of health, at laſt conſented to take his 
father's advice, the juſtneſs of which he now began to e e but his bad 
health rendered him quite unfit to bear the fatigues 8 the 
practice of phyſic, ſo that he thought it was ſhould” retire 

into the country for ſome time, in order to recover his — and with a 
view of returning to his buſineſs with new force and ſpirits. - But he was 
ſcarce ſettled in his country retirement, when in the month of June 1x, 
he relapſed into his former occupation, the torrent of his genius that way 
being ſo much- favoured by the ſolitarineſs of the place, and the favourable 

opportunity of examining inſects in their very haunts and ſcenes of 
tion, Thevenot, in the mean time, informed by his correſpondents in Halland 
of the diſagreement. between our author and his father, and the bad con- 
ſequences that might probably attend it, did all that lay in his power to 
engage the former to retire into France, where he moſt generouſly offered to 


provide him with every thing requiſite ſor the purſuit of his Grace ſtudies. 


But whatever impreſſion this propoſal might have made on the ſon, the father 
forbid him to acoept of it, as appears by a letter dee Thevenor, 
dated the che ec ee The 


in the. latter's grand and numerous —— pur al 
places, and compoſed a moſt exadt 0a 


h this e and nick. : 


agreeable- taſk, he was about pub e eee, Bude e of 
Hemorohion, or Day-Fly; but afterwards to defer the 


unn of thoſe Wee that they! did not- pes uo che year ixxvy 
; dchough 


: "hy. | 
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e printed: ſorne _— eee 
even in Fre, M eariy as the year eint. es "FF 
On the faſt of May uren he ſent tobe Royal A ha 
plates and fix figures, in which de hd repreſented the womb ef a Ruman 
ſubje&, dedicating thera at the fame time do that earned body. To them 

| T the tube of the 
wemb, and tlie OY t ee eee out in 
or Van 3 the MDCLYVIH 

one e | renne 

May Mcix xn. Thus for the firſt tithe Wa publiſticd -a ſpecimen of a 

method, by which both arteries and veins, and their fineft ramifications, can 
. which not only renders thoſe parts perfecti7 
viſible, but even incorruptible : and our author, to procure due credit to his 
drawing, fent with them the. uterus itſelf prepared according to this his new 
method. His motive in all De 
learned and equitable judges of ( performances. Another thing 
he had in view, was to convince the world that it was indebted to him as the 
fit / inventor, for the diſcoveries relating to the ſpermatic veſſels, which the 
cclebrated Van Horne had before publiſhed in his Prodromus. But above all 
things, he by chi means endeavoured to refute what Regnier de Graaf: had 
written him, with the greateſt bitterneſs, concerning ſome diſcoveries | 
in in regard to the organs o ion; and for this purpoſe he appealed to 

the j of the members of the Royal Society, to Whom, as far as it 
E and authority; 48 decide the on. 


About this time — many ocher very uſeful PT 
coveries: in he diſſected a great number of fiſhes, with a view chiefly | 
of di in their liver, pancreas and melt; r 
oſten found in ſome a pancreas, with a great num 
r Sf, inteſtines: but above al 


he applied himſelf with the greateſt diligence to find out by every trial that 
promiſed any ſucceſs, the true nature and hots of ab fluid, 
of which he ſent many bottles full to the celebrated Charles Drelincourt, then 
profeflor of anatomy and phyſic in the univerſity of Leyden. - All theſe 
particulars - may be ſeen in the ſecond part of the Private College of 
Amſterdam, ' E for there is 
ſcarce any nn for which the world is not indebted 


to our — who there very mildly and modeſtly refutes de Graaf and 
Sylrnn s Seronü of che fluid, though he formerly uſed to treat 
with great harſhneſs thoſe who contradictetl his ſentimenits, as appears in the 


controverſies he before this had maintained With de Graaf, Gafper, 
n and 


literary- 

Bartholin, and others. But religi piety had by this time got tlie 
/ better of our author's warm and Gs a Ha to read ſome 
books which the then n, Antonia Bourignon had a little before publiſhed, 
they made ſo N e that a fri compliance with 
alt the duties wae now. becbme his: principal concern. 
He e ere, eee 
after, dut bent his endeavours more particularly to the unruly 
paſſions of the mind, and above all that inſatiable ambitieh which thakes us 
ſo deſitous of a fu over others; and which therefore, as the rovt of 
all evil, he was defirons ' to extirpate and All chis time 


En happened to be in Holfteiti, aecem fand by John Tielens, 


a native 
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ber the twenty-ninth of April following, and received an anſwer to his letter 
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40 be LIFE. of JOHN: SA MMERD AM. 


A native. of Amſterdam, with whom nee, eee OY 
He therefore writ to his friend the eighteenth of March Men to beg 
he might procure him Antonia's good will; and leave to write dd her on His 
ſpiritual concerns; and having obtained this: favour, he ingly writ to 


dated the ſeventeenth of Auguſt. - Her advice wrought ſo great ai change in 


him, that at that time he thought of nothing but of obtaining from God a holy 


peace of mind, ſincerely grieving that he had loſt ſo much time in the ſerwice 
of the world. After this he writ many more letters to Antonia, who very 
graciouſly anſwered them. About this time he was, if I am not-miſtaken; 
the firſt this diſcovered a thing of very great importance, for he found that 
the hernia in both men and women never proceeds from a rupture of the 

peritoneum, but that the peritoneum alone is extended over the part where 
the ſeminal veſſels, encloſed in one caſe or ſheath, but which before this lay cloſe 
under the peritoneum, fall from it towards the ſerotum. Now, if in this 
caſe the peritoneum happens to inſinuate itſelf into that wide paſſage, 
which the ſpermatic cord falls down towards the teſtes, it there, whatever 
cauſe may preſs it, forms a ſacculus cæcus, or blind bag, on account of its 
wonderful extenſibility, and the ſmoothneſs of the cavity made for it by the 
deſcent of the ſpermatic cord. The ecphyſis once formed, grows larger and 
larger, as the cauſe which firſt produced it increaſes; and continuing to 


keep cloſe to the ſpermatic cord, follows it towards the ſcrotum, above the 


Os pubis, and along the outſide of the muſcles. If this ecphyſis ſtops at 
the groin, it forms what is called a bubonoceles; but if it deſcends to the 


ſcrotum, an oſcheoceles; beſides which, it obtains a variety of other names, 


from the different ſubſtances that may happen to fall into it, ſuch as the 
omentum, the inteſtine, air or water. The ſame is the caſe in women, 
except that the deſcent is made along the femoral veſſels, (See Schraderi, 
Obſerv. Decad. II. Obſerv. rv. v.) 3 there is a very exact drawing to 
repreſent the nature of this diſorder. Many eminent perſons have ſince made 
pretenſions to the honour of this diſcovery, but the account I have given of 
it appears the moſt probable. In this book too there is another obſervation. 
of our author equally important; for he there mentions his having ſeen two 
cicatrices in the ovary of a woman, that had been brought to bed of twins; 
which it is duely to be remarked happened at the fame time. In the ſame; 
collection there is our author's contrivance for preſerving the parts, or anato- 
mical preparations in balſam. For all theſe reaſons, the editor thought 
proper to dedicate this work, publiſhed in MDcLxxtv, to Swammerdam,. WhO 
was the chief contributor to it. Our author, moreover, in the year MDCLxXx111, 
had exhibited to the illuſtrious Arnold Syen, profeſſor; of botany in the 
univerſity of Leyden, the ſeminal little bags of Fern, and the delineations he 
had made of them. I intreat the reader to view and conſider attentively the 
deſcriptions and figures contained in this book, and compare them with 
thoſe given a long time after by ſome of the greateſt botaniſts. There 


cannot be a greater reſemblance between two eggs, than chere is between 


our author's performance this way, and thoſe that followed. - The ſame 


might have been ſeen in France, nor is it impoſſible that they might Kive! 


been deſcribed there too. The: laſt day of 8 September of this , Our 
author finiſhed his treatiſe on Bees, which proved ſo fatiguing a performance, 


that he never after recovered even the appearance of his former health and 


vigour: and indeed it was an undertaking too great for the ſtrongeſt 
e to be — employed by day in W obſcryations, and 
almoſt 


ey wh 
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Ants conſtantly HP t in recording them by drawings,” and 

fuitable explanations. This ummer work, his daily labour began at 
fix in the morning, when the e ght enougli to ſurvey: ſuch 
minute o z and from that hour till ee 
ruption, all the while expoſed in the open air to the ſcorching heat of the 
ſun, bearheaded, for fear of i interruptin the fight, and his head in a manner 
diſſolving into 1 under the i 
And if he deſiſted at noon, it was only. becauſe: the 


of, his eyes was 


le ardors of that powerſul luminary. 


too much weakened, by the extraordinary afflux of light and the uſe of 5 


microſcopes, to continue amy longer upon ſuch ſmall objets, though as diſ- 
| TR NS any as they - had before been i the aid 
hours. | | benign»; o7 
This fatigue our author fubniltted 10 be . month beer, without 
any interruption, merely to examine, deſcribe, and '-repreſent the inteſtines 
of Bees, beſides many months more beſtowed upon the other parte; during 
which time he ſpent whole days in miaking obſervations, as long as there 
was fufficient light to make any; and whole nights in obſer⸗ 
vations, till at at laſt he brou by his treatiſe : of Bees to the wilbed- er 
eee a work which ores ges from the e eee of natural 
iſtory to our. own times, has Faced: nothing to equal, n 
_ pare: with it. Read and it, and then judge for . 
= * better to accompliſh. his: vaſt ee, oſten wiſhed. Yo 
N heat and light to perfect his in pos; with a pblar night 
. I the advantages of them hy proper g and) deſcriptions. 
15 bi ellay on the ee e Fly, he Soros ana thatithis 
his 2 Beers was formed amidſt a thouſand torments and agonies of 
heart and mind, and ſelf-reproaches, ben 50 8 m fall of devotion and 
| On one hand his genius urged him to examine the miracles of- che 
ir Creator in his natural „the lee of that 
all- perfect Being deeply rooted in bs heart; ſtruggled hard to perſuade 
him, that God alone, and not his creatures, was: wotthy of his teſearches, 
love and attention. Thie diſtreſs of mind our author felt. upon chis occafion; 
was ſo. ſevere. that as ſoon as he had. finiſhed his book upon Bees, he put it 
into the hands of another, without knowing or giving himſelf tlie leaſt con- 
cern about what might become of it. It appears however, that he at the 
ſame time wrote two letters to Paul Boccone, on the conſtruction of ſalt 
water or ſea: ſtones and corals, which are to be found in the nineteenth and 
twentieth letters of the ſaid Boccone's natural obſervations. Aſter this 
Swammerdam grew almoſt altogether careleſs, of the arts he had Hen bitherto 
fondeſt of. He had conceived this diſtaſte, for wordly affair above c. years 
| before, though he had ſtruggled againſt it in farour of his book on: Bees g 
but now he could no longer allow. his mind any other occupation beſides: that 
of loving and adoring the So Sovereign Good, to © honour alone he openly 
declared, he began and directed his many and grea t labours in the cultivation 
of natural hiſtory, from which he now entirely - defiſted -nierely- to devote all 
the. lictle uncertain portion of life that vemaied, to the ſincere: practice of 
every chriſtian virtue. His temperament was of the melancholy. 3 which 
* have obſerved to be very firm in its - purpoſes, and dur author's 
natural diſpoſition was encreaſed bs a quartan ague, ſo that he ebe in 
his reſolution, in which the authority and advice of Antonia E urig fixed 
lapſing into his former worldly way of 


him beyond a poſſibility. of re A | thi 
He —_— to withdraw 2 entirely from all — 5 
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neceſſary to maintain him in his retirement. This he found to artounr-yearly 


to four hundred Dutch florins er gilders, without having any thing bur hs 


curioſities to raiſe ſuch an income by. Theſe therefore he f 
reſolved to ſell, in hopes the produce of them put out to intereſt, would be 
ſufficient to anſwer his demands. The firſt he applied to on this occaſion, 
and the only perſon perhaps who knew any thing of our author's private 
intentions, was Theyvenot, whom he requſted to publiſh and forward the. fale 
of thoſe things, which he had ſpent fo much time and labour in collecting, 
and formerly fo much loved. Thevenot did all that lay in his power to ſerve 
his friend, but to no purpoſe ; for however valuable the treafure, no one was 
to be found in France willing to purchaſe it, though our author was often. 
flattered with the hopes of its · ſelling to advantage. This diſappointment 
made Swammerdam apply to another friend. This was Nicholas Steno, who : 

having renounced the religion of his country, was become a member of the 
church of Rome, had obtained 'a biſhopric as a reward for his change, 
and to induce him to continue in it, and now lived at the court of Florence. 
Swammerdam wrote to him to know if the grand duke was now as willing, 
as he had formerly been, to purchaſe his curioſities,” In anfwer to thi 
letter, the new convert's zeal made him uſe every argument he could think 
of to make our author, after his own example, conform to the church f 
Rome, and remove with his collection into Tuſcany, promiſing him for 
certain, that the great duke would let him have for his curioſities the price 

of twelve thouſand florins, which his highneſs had formerly offered, and 
our author looked upon theſe conditional offers as the t indignity that 
could be offered him, and accordingly bitterly reproached his friend Steno 
for endeavouring to prevail upon him in a manner he utterly deteſted, telling 
him withal that his foul was 'not venal; and Bourighon being eonfulted on 
the occaſion, adviſed him by all means to reject Steno's propoſals. Our 
author agitated by fuch a ſeries of hopes and diſappointments, made uſe of 
the little leiſure that remained on his hands, in arranging and aderning his 
_ curioſities ; rendering them as durable as poſſible, and compoſing a complete 
catalogue of them, ſo that in his muſeum thus ſettled, the materials and the 

contrivance, the dignity of the ſubjects, and the vaſt pains taken in 

ing, preparing, and exhibiting them, vied together for the bes eme | 
Theſe treaſures conſiſted chiefly of inſets and anatomical preparations from 
human ſubjects. The former our author ſet the higheſt value upon, and no 
wonder, as he had ſpent ſixteen years in collecting and preparing them, 
with infinite pains and expence. The fight of his muſeum was alone 
ſufficient to prove, that what all former authors had publiſhed on this branch 
of natural hiſtory, amounted to nothing more than à dry catalogue of names, 
and ſome external figures, without affording any certain and uſeful know- 
ledge. Whereas our author alone had collected near three thouſand ſpecies 
of inſects, that had no relation one to the other, and had examined every one 
of them, and diſpoſed them all in claſſes according to their real and natural 
characters; he had even diſſected many of them with that ſkill and dexteri 
peculiar to himſelf, and having with unwearied diligence traced them through 

every the leaſt period of their changes from the egg to the Butterfly, faith- 
fully recording all his obſervations, taking care at the ſame to prepare 
and keep by him the minute originals as inconteftable vouchers of his inde- 
fatigable induſtry in examining them, and his ſerwpulous veracity, relating 
| 1 55 — what 
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. Nay, this nothing hoold\be, gene reg 
e 6v «mem Found aut by, and 
known to himſelf, the little eggs ft AE eee eee 
manner of the exiſtence of their firſt rudiments, the els - | 


endeavours they at laſt - broke their eggs, and opened themſ 
into the world. While thus employed, he at length publiſhed at A 
the twelfth day of July u Dx, his hiſtory of the Ephemerus, or Day= 
Fly; which. he began in France in the year Lxiv, continued in Guelderland 
in the year Lxvii, but did not perfect till this time, that he made it public. 
1 — even this, he did not attempt without Bourignon's approbation. 
This was the laſt offspring of our author's great genius and application, after 
which he entirely renounced allzhoughts of human affair, to think. of nothing 
but his ſpiritual concerns, which he i he could not ſo well promote 
in any other manner, as by going to confer p with Bourignon. 
2 having firſt obtained her leave for be ſet out the 
autumn following from Amſterdam for Sleſwick in Holkein, where ſhe then 
reſided, r and ſpent ſome time in her 
houſe. Mean while the Lutheran divines of that country, utterl averſe to 
Bourignon's undertakings, were for making her quit | Holſteir, which made 
her think of aſking I 2 
2 Swammerdam having taken upon yes wage wr © Ve ap LR 
out for Copenhagen, in company with anather ci 2 Au N 
fifth of March, Mopcixvi. "Here he ſaw Steno's - mother, 
«dranced in years but, reaped. no other bepeft by Ks Journey, is Did 
majeſty not thinking proper to grant Boutignon's req our 
author made but a ſhort ſtay at Sleſwick, from whence he ſet out for 
Amſterdam, the ſixteenth of June following. On his coming home, he had 
the mortification of finding that his nen euer an at hi paſt-conducd, 
inſtead of being appealed, 
| Another and greater ſubject of . affliction was, the 
of his ſiſter Joanna, who had hitherto kept, houſe for her father ſince he had 
buried his wife; ECC 
houſe- keeping 1 to live for the future with his ſon-in-law, Our author 
— — found himſelf under the ſad of ſhifting for himſelf 
by the month of, May following. How great, alas! muſt have been his 
dre! He. had neither money, nor any thing. of value except his: muſeum, 
which he had already ſo often endeavoured in vain to diſpoſe of; and his 
father did not propoſe to allow bim more than two hundred florins a y can - 
On this occaſion he formed a defign of retiring into the country, and fatteved 
himſelf with the hopes of being able to provide for himſelf that way, The 
moſt noble John Ort of Nieuwenrode Breukele; &c. had eee ee a friends 
ſhip. of a very long. ſtanding with our author, po ng entertained 
him at his pleaſant. country ſeat with the greateſt hoſpitality politeneſs, 
and even invited him to remain there for good and all, man Mo ſtudies 
— — vt 2h But Swammerdam never till now found himſelf 
| ; of putting his friend's fincerity to the teſt; however he 
a reſuſal he now met with, W 
; of che Fae depot to be had on the promiſes; of aan, greatly an- 
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was grown mote violent on account of his late N 
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buſineſs, but that of ſerving God, which alone he delighted in. But his 
joy was ſoon interrupted, When the father's fortune came to be divided, and 
his muſeum to be diſpoſed of, the ſiſter claiming more of the inheritance than 
came to her ſhare, and the chief direction of the ſale, while Swammerdam 
long wiſhed for retirement, {.bmitted to her unjuſt pretentions. Neverthe- 
leſs, the vexation attending this family ſtrife, joined to the uninterrupted 
fervour of his devotion, brought a tedious diſorder upon him. This was a 
double tertian ague, which afterwards continued without intermiſſion, and 
then e ag different manners. Whilſt this fit of ſickneſs continued, 
he got up but ſeldom in the day time, and for three months together that the 
ſlow fever continued, he never went out of his houſe ; he was even a whole 
twelve month without making a ſingle experiment. At laſt his diſorder, again 
changing to a tertian ague, ſeemed to abate,” and then entirely left him for 
ſome days. His friends nevertheleſs, and among them doctor Matthew Slade, 
a moſt learned phyſician, and one whoſe advice had the greateſt weight with 
our author, could never prevail upon him to ſtir from his bed- chamber. 
He would often excuſe himſelf by ſaying that ſolitude and retirement could 
alone extirpate the relicks of his diſorder; when Slade, Ruyſh, Schrader, 
Hotton and Guenellon, who all of them frequently viſited him in the 
quality both of friends and phyſicians, attempted to perſuade him to the uſe 
of medicines and freſh air for the recovery of his former ſtrength and vigour. 
But he at laſt put a ſtop to their importunities by an obſtinate ſilence. How- 
ever as the things he formerly took moſt delight in, were now become 
odious to him, and he had no further hopes of being able to diſpoſe of 
them in France, he wrote to his friend Thevenot, 'who had again invited 
him to his houſe, that he would accept of his kind offer, provided he would 
immediately diſpoſe of his curioſities for him, and permit him to live quite 
unknown and retired. But here too our author was again diſappointed, 
ſo that at laſt he advertiſed a fixed day in the month of May following, 
 -MDCLXXX, for the fale of his curioſities, article by article, to the beſt bidder; 
ſo great a deſire he had of getting rid of them, notwithſtanding that he had 
ſeen that his father's muſeum, when ſold in ſingle lots, had not produced 
above a ſixth part of what his executors expected it would have fold for. 
But whilſt our author was taken up in this manner, his old diſorder broke 
out anew with worſe ſymptoms than had hitherto appeared, an emaciated 
countenance, hollow eyes, a ſlow continued fever which eating always 
increaſed, and a ſwelling in his feet, legs, thighs and belly, attended with 
conſtant and uninterrupted pains. All this time his friends durſt not make 
the leaſt mention before him of his former ſtudies, nor did he himſelf ever 
ſpeak a word of them; for he now utterly deteſted as vain and inſignificant 
the things he formerly moſt delighted in. Thevenot, informed of the 
languiſhing condition he was in, offered him the jeſuit's bark, then greatly 
_ talked of for its efficacy in cuting fevers, and Swammerdam deſired he 
might ſend him ſome of it, and ſome ſpecific againſt the dropfy, if he knew 
of any. But at laſt finding himſelf grow worſe and worſe, he made his will 
the tw-enty- fifth of January mDcLxxx, and left Melchiſedeck Thevenot, for- 
merly the French king's miniſter at Genoa, all his original manuſcripts belong- 
ing to the. natural and anatomical hiſtory of Bees and Butterflies, with fifty- two 
plates belonging to them, and ordered all thoſe valuable papers then laid up in 
the houſe of Herman Wingendorp at Leyden, to be delivered to the legatee 
within a year after his death; but earneſtly recommended that his treatiſe on 
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of one theinlud: Gus hinchetd French Beh, 
and I received. them complete the lame. ſummer; As ſoon as 1 had gor 


printers, 
he Bhs * reprin „ pear, to the 
great loſs. 1 5 . I have at uff Faerie? in 
guarding againſt ſuch foul treatment, and return my hearty thanks to 
all thoſe who ſo generouſly contributed their aſſiſtance on .this ' occafion.. 
And now I muſt own, that it is with the pleaſure I find myſelf 
enabled by this valuable work to challenge all thoſe nations, who fo 
liberally reproach us Dutchmen with a dullneſ that requires the inventions 
of others to ſharpen' it, to produce before able N any thing equal 
to this performance of one of our countrymen. This inſtance will, 1 
believe, be ſufficient to convince mankind that we have among us uncom- 
mon geniuſes, who have made the moſt important diſcoveries, and {pider- 
like, have furniſhed themſelves alone both the workmanſhip and mate- 
rials. However I muſt in juſtice own, there is now) in France fuch 
another bright ſun, Wo by his light not only ſhews, but adds grace 
and dignity to every object he is pleaſed to ſhine upon. I mean that 
prodigy of our age, and glory of hs: country, the illuſtrious Reaumur. 
God grant this great man life to. £9 tin and yas yours” to furvive, 
his great undertaking. + 
I examined with the — care and; attention al the letters, and 
other writings of Swammerdam, that I could lay my hands on, in order 


to find out — methods taken by him to perfect thoſe beautiful diſcove- 
ries, by which he has ſo far exceeded all authors in the ſame way; and 


I ſhall here candidly relate the fruits of my perquiſition. For diſſect- 
ing of very minute ſubjects, he had a braſs table made on purpoſe by 
that ingenious artiſt Samuel Muſſchenbroek. To this table were faſtened 
two braſs arms, moveable at pleafure to any part of it, and the upper 
Hogs of theſe arms were likewiſe ſo. l as to be ſuſceptible of a 
very ſlow vertical motion, by which means the * — could 3 | 
alter their heigth as he ſaw moſt convenient to his 
of one of . theſe arms was to hold the little - corpuſcle, n 
other to apply the microſcope. His microſcopes were of various ſizes 
and curvatures; his microſco pical glaſſes being of various diameters and 
focuſes, and from the leaſt — the greateſt, the beſt that could be pro- 
cured, in 1 to the exactneſs of the workmanſſup, and the tranſ-. 
parency of the ſubſtance. His way was to begin his ſurveys with the 
ſmall magnifiers, and from thence. proceed by degrees to the greateſt; 
and by nature and uſe was fo y dexterous in the manage 
ment of theſe uſeful inſtruments, that he made every obſervation ſubſer- 
vient to the next, and all tend to confirm each cher, and 
the deſcription. Theſe no doubt were talents very uncommon; though 
9 leſs requiſite in an obſerver. of ſuch things: But the conſtructing of 
ry fine ſciſſors, and giving them an /extreme- ſharpneſs; ſeems to have 
1— 4 his chief ſecret. Theſe ** Mage: uſe af to cut very minute objects, 
| | —_— 
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becauſe they: difieted ther equably ; whereas knives and lancets, let them 
» ever ſo fine and apt to diſorder delicate ſubſtances, as in 
r args them they W r draw after them, and diſplace, ſome 
1 his knives, lancets, and ſtyles were fo very fine, that 
e 2 to them without the aſſiſtance of the micro- 
dut wich chem he could diſſser the inteſtines of Bees att 
and diſtinQneſs, that others do thoſe of large animals. He 
particularly dextrous in the management of ſmall tubes of glas no 
chicker than à briſtle, drawn to a very fine point at one end, but 
| thicker at the other. Theſe he made uſe of whenever he had a mind 
to ſhew, and blow up the ſmalleſt veſſels diſcovered by the microſcope; 3 
* trace, and ſe arate their courſes and communications, or 
to inject them with very ſubtil coloured liquors. As to the inſets them- 
ſelyes, he uſed to ſuffocate them in alcohol or ſpirit of wine, in water, 
or ſpirit of turpentine, and likewiſe preſerved them for ſome time in 
theſe liquids, "by which means he kept the parts from putrefying, and 
* conſequently pſing and mixing together; and added to them, beſides, 
ſuch ſtrength and firmneſs, as could not fail of making the diſſections 
far more | eafy and agreeable. When he had divided tranſverſely with 
his fine ſciſſors the little creature he intended to examine, and had care- 
fully noted every thing that appeared without further - diſſection, he pro- 
ceeded to extract the viſcera in a very cautious leiſurely manner, with 
other inſtruments of equal ſubtility; but firſt took care to waſh away 
and ſeparate with very fine pencils the fat with which inſects are moſt 
plentifully ſupplied, and which always occafions ſome damage to the 
internal before they can be extracted. This laſt operation is beſt 
-performe upon inſeas whilſt in the Ny mph ſtate. Sometimes he put 
into water the delicate viſcera of the inſects he had ſuffocated; and then 
ſhaking them gently, procured himſelf an . —— of examining them, 
eſpecially the air r veel, which by this means he could ſeparate from all 
' theother parts whole and entire, to the great admiration of all thoſe who 
beheld them; as theſe veſſels are not to be diſtinctly ſeen in any other 
manner, or indeed ſeen at all without damaging them. He often made 
uſe of water injected by a ſyringe, to cleanſe thoroughly the internal 
parts of his inſects, then blew them up with air and dried them; by which 
means he rendered them durable, and fit for examination, at a proper 
opportunity. Sometimes he has examined with the greateſt ſucceſs, and 
made the moſt im t diſcoveries in inſects that he had preſerved in 
balſam, and kept for years together in that condition. Again, he has fre- 
quently made punctures with a fine "needle in other inſets, and after 
ſqueezing out all their moiſture through the holes made in this manner, 
filled them with air by means of very ſlender glaſs tubes, then dried them 
in the ſhade, and of all anointed them — Gib f f pike, in which 
a little reſin had been — by which means they retain their proper 
forms for a very long time. He had ſo ſingular a ſecret for preſerving the 
very netves of inſects, ret uſed to continue as limber and as per- 
ſpicuous as ever they had been. As to Worms in particular, his way was 
to make a ſmall puncture or inciſion in them towards the tail, and after 
having very 3 and with great patience ſqueezed out all their humours, 
and great part of their viſcera, ien den with” Wax, e as to give and 
continue to them all the appearances of living, healthy, and vigorous 
creatures. He: diſcovered that the fat of all inſects was perfeatly diſſolvible 
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and this diſcovery he always made the greateſt; ſectet af, betauſe the ft 
of inſects when melted, and then dried, looks like lime ſcattened over ale © | 


them; but then, howeyer, confuſed and immerſed they ve 
| before, they ſhew themſelves after this proceſs very plainly and diſtinctiy, 


* * 
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in oil of turpentine; and that they could not be preſsturd in Balan 


parts, ſo as to obſcure the viſcera, and make it utterly impaſſible to examine 


on being long and thoroughly waſhed with fair water. Very often he ſpent 
whole days in cleanſing of its ſat in this manner, the body of à ſingle 


Caterpillar, in order to diſeover the true conſtruction uf that inſet's heart. 


His ſingular ſagacity in ſtripping off the {kin of Caterpillars that were | 
the point of ſpinning their neſts, deſerves particular notice. This he — 5 


| by letting them drop by their threads into ſealding water, and Grdde uly wi hs. | 


drawing them, for by this means the epidetmis peeled off very caſily; and 


hen this was done, he put them into diſtilled; vinegar and: ſpirit of wine 


mixed together in equal portions, which, by giving firmneſs to the parts, 
gave an opportunity of ſeparating them with very little trouble from the 
exuvie or ſkins, without any damage to the viſcera, ſo that by this con- 

trivance the Nymph could be ſhewn wrapped up in the lar, and 
the Butterfly in the Nymph. All theſe wonders he performed by the 


light of the brighteſt mid-day ſun, and had brought his arts to ſuch per- 


fection, that he could exhibit whenever he thought proper, the manner in 
which inſects were encloſed in inſects, and were to be extricated from their 
encloſures. He could at laſt change the Caterpillar to a Chryſalis at his 
pleaſure, and alſo could as he pleaſed forward, ſtop, and regulate its motions. 
He affirmed nothing but what he ſaw, and was able to demonſtrate every 
thing he affirmed. He in good. earneſt followed Lord Bacon's advice; for 
his opinions were the fruit of his experience, and he could effect the very 
things, whoſe exiſtence he maintained. Obſervations alone, made with the 
moſt wonderful patience by experienced ſenſes, aſſiſted with the fitteſt 
inſtruments, led him into the method followed by nature in all her opera- 
tions; and he ſo ſcrupulouſly adhered to that great guide, that whenever 
he formed a rule from particular obſervations, he did it with ſo much 
caution, as to let it include thoſe particulars only, from which he had 
deduced it, and extracted his canon, In explaining the works of nature, he 
uſed to reaſon by comparing his obſervations with one another, and never 
admitted the uſe of a general application of them upon any other occaſion. 
Thus he began, carried forward, and perfected without any aſſiſtance, in a 
private and middling ſtation of life, more diſcoveries than all the writers of 
all the preceding ages. By theſe means he-found there were little creatures 
that breathe at the tail, and others that govern themſelves in the water by 
the help of a little bubble of air, which they expand at pleaſure to aſcend 
to the ſurface, and compreſs in like manner, when: defirous to ſink to the 
bottom; and can regulate it in ſuch a certain manner, that they can ſuſpend 
themſelves in any part of the water they chooſe. Some again he difcovered; 
who. have their legs fixed to their jaws ; and others in which the penis of the 
male receives in copulation the vulva of the female, and a few which are 
of both ſexes at once, and act reciprocally upon each other as ſuch at on 
and the 2 time; In fine, from . ee infinite number of new and un- 
common obſervations, he formed a ſyſtem fuperior by many de to any 
thing of the kind that had as yet appeared. 8 enn _—— 

upon which this ſyſtem was founded, rendered them durable, and digeſted 
them, in order to have always at hand undeniable vouchers for the truth af 
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every thing he advanced; Such a fabrick had never been raiſed before, yet 


it was raiſed by him in ſo maſterly a manner, that it might have ſtood ages. 
But, © hard fate of induſtry ! after having been driven himſelf to offer his 
curiofities to fale more like a beggar that had nothing to give, than like a 
man who offered infinitely more than he aſked, and this too without ſucceſs'; 
his heirs, after his oral, made propoſals of ſelling them all, his anatomical 
preparations, his inſects, and his inſtruments, for the trifling ſum of five thou- 


fand florins, without finding any one intelligent enough to buy them for his 


own uſe, or generous enough to purchaſe them for that of the public. Alas, 
what a loſs was this, never to be repaired ! Theſe wonders of art and nature, by 
being ſeparated and ſcattered into different hands, loſt all their value, to the 


irretrievable diſhonour of an age, the moſt remarkable of any that had as yet 


ever been for ſtudies of this nature. As for you, my readers, I muſt inform 
you of the obligations you owe, on the preſent occaſion, to the great Gaubius, 
who from his ſincere love to the blic of letters, tranſlated all the works I 
no preſent you, from the original Dutch into Latin, that the curious of all 


nations might have the better chance of reading them; and perhaps it would 


have been a hard matter, if not impoſſible, to find another tranſlator equal 


to the taſk. The facts I have here related are collected from the hiſtory 
of the times, from a repeated peruſal of Swammerdam's works, and from 
the letters written or received by him. An accurate and well-digeſted col- 
lection of all theſe papers ſupplied me with materials for writing his life, and 
T intend to depoſit them all, as well as the original drawings made by his own 
hand in the moſt elegant and maſterly manner, in the public library of the 
univerſity, there to remain as an eternal monument of our author's merit, 
and of my exactneſs and integrity in writing his life, and publiſhing his 


labours; and, in fine, that ſuch as take delight in things of this kind, may 


by this means have an eaſy opportunity of ſatisfying their curioſity, It was 
thus I ated in regard to the poſthumous works of the celebrated Vail- 
lant. Farewel reader. 


Lzropzx, 17535. 
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WT, 3 beſene i 4 to lay my obſervations hee ly yo, 

I muſt moſt humbly requeſt, that you will not be diſpleaſed, if in all 
c work 1 have only made uſe of my on obſervations, as a ſolid and 
immoveable foundation to build upon, and that from them I have deduced 
certain concluſions, ſolid t mes and claſſes digeſted in due order. For 
as long as neither nature herſelf exhibits any thing in oppoſition to theſe 
theorems, nor other writers produce experiments to contradict them z we 
may reſt aſſured of the truth & what 1 Wo delivered ; but then we muſt 
not wander beyond the limits of ſuch obſervations, nor by ſtraining them 
too much, make thein extend to things not as yet ſufficiently diſcovered. 
Otherwiſe, as nature is utterly inexhauſtible, we ſhould be in danger of fall-. 
ing into errors; and indeed it is generally our own fault that things of them- 
ſelves ſufficiently clear and evident, become obſeure, and even impenetrable 
to us. Thus a perſon would be guilty of a great miſtake; who, after 
running over all the animals he knew, never to be at once male and fe- 
male, ſhould from thence conclude, that both ſexes ate neyer found in one 
and the ſame ſubject; whereas the contrary appears in Snails, which are all 
capable of impregnating as males, and — as females, but with this 
reſtriction, that the ſame Snail cannot act upon itſelf; fo that a mutual inter- 
courſe of two is requiſite to carry on the buſineſs of propagation, as I many 
years ago demonſtrated before a numerous company. As therefore all the 
experiments I have hitherto made, agree perfealy together, and mutually 
ſupport each other, there is the leſs reaſon, till ſomething appears in the 
nature of things to break the thread of my ſyſtem, to be ſtartled at the 
objections of 22 who never made the ſame obſervations, and are not 
perhaps properly qualified to make the ſame experiments. But if hereafter 
any thing ſhould occur, that I may have reaſon to think deſerves to be added 
to what I have already K or exceeds the bounds to which I have 
confined myſelf, or appears 2 to my former obſervations; I promiſe 
faithfully to publiſh them, though they ſhould abſolutely deſtroy the prin- 
ciples I have laid down, 3 that they ſerve to confirm and illuſtrate 
the truth. And I moreover earneſtly requeſt all thoſe who love truth as I 
do, and are equally anxious to find it out, to aſſiſt me on this occaſion with 
their favour and advice. 

But as the moſt eminent amongſt the ancient ks on this branch of 
natural hiſtory, have propoſed two different manners in which inſects un- 
dergo their mutations; one known by the name of Nymph, and the other 

5 of Chryſalis, calling Nymph that change of the Worm, under 
be Cons It 5 the form of the inſect that is to iſſue from it; and Chry- 
25 that other change which ſhews no ſigns of the future inſect; I muſt 


forewarn | 


x _ The AUTHOR»: PREFAGE. | 
forewarn my readers that I ſhall by no means admit two different ſpecks of 
changes, as I can plainly and diſtinctly diſcover in the Chryſalis, as well as in 
the Nymph, all the parts of the tyture;inſe@, and can even give ocular proof 
of their exiſtence, And as to the parts not Þ& 1 es externally in the Chry- | 
falis as clearly as they do in the Nymph, the former er, a gold co- 
lour, which I never obſerved in the latter it is not a thing of conſequence 
enough to make me alter my opinion. „ 

But iperhipa the reader} an A noni Abe bird a not 
rightly underſtand what I mean by the words Nymph and Chryſalis, I muſt 
refer him to the figures of this wack, where he find the Nymph of the 
Ant repreſented under number v. Tab. XVI. and the | the noc- 
turnal Butterfly, under the ſame number v. Tub. XXXIII. For We fake ( 
greater perſpicuity, I obſerve the ſame order in Tab I. XII. and XXXVIIE 
where T place before my readers other of" Nymphs that ſhall be de- 
ſcribed in their proper places, and afterwards ſummed up under one view, in 
the general compariſon of gags wk which I Jv to  caticlude ds 
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Artis delicium wore; que ſoſpite dam 
SGigdera — RT's ny 
Define j jam gemitus, tua jam fuſpiria ceſſent, 

Wood mults abſtulerit der ſelerata mirius, 
Queis miranda tibi levium ſpectacula rerum 
_ _" Seripta, atque in oru verſa modos : 
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Thus us papel ioque. n 
Ecce N tt Yathiia tib1 ui farciet © olim, 


— Inde 


Non hunc pana latet agi Formica — 


i. u eee carpat iter. 
c quis ame 
Qt NE od 


Ihnen 
ſedulitate ſuos 
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Vis detur medium vivere poſſe diem; 
| Que poſtquam teneris volitavit in ære pennis, 


Szvis præda avibus, 13 eſca cadit. 
Nec Scarabæus aquæ, 


Seu celer, ad fundum, mox rediturus, abit; 
Sed bull, mirum viſu! rediturus inani, 


Quam villoſa intus caudula cluſa tegit. 


Nec tu, dire Culex, mediis ſeu degis in undi, 


Aera ſeu pinna liberiore petis. 
Novit Apum ſe xus, ortus, connubia, novit 
Quam telam in cera ſedula fingat Apis. 
Et negat ulla novas Inſecta aſſumere formas, 
At vermi incluſas delituiſſe docet. 
Quam ſtupui, quando narrantis ab ore pependi, 
Cum mihi r plurima quam ſtupuil 
Gaude, Vegta, tuis illum quod vexeris undis, 
Et quod capta tuo flumine præda fuit. 
Non Aldrovandos jam clara Bononia jactet, 
Nec mihi Moufetos Anglus ad ferat: 
Geſneros etiam ſileat Germania tellus, 


Neſcio quid majus Terra Batava dabit. 


Cecini amico amieus 


MATTHAUS SLADUS, M. D. 
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Non fugit hunc miſera & male nata Diaria, quamvis 
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An explanation of the changes of the firſt order, 
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"CH A P. 1. 
1 E deſign and diſtribution of the work. 
eee 

. C HA P. II. 


The ſingle . of dhe changes obſerv⸗ 
able in known inſects, ſhewn to be the 
. .Nymph ;, with an explanation of the man- 
ner in which Worms and Catergillare be- 
come Nylons 5 
| H. A P. e pg 
manner in which the true know 
The W bes the real fouridation of all the 
natural changes obſervable in inſets, has 
been obſcured and corrupted ; with an illu- 
ſtration of the ſubject, and an entire reſtitu- 


tion of i its original truth © - | e 


CHAP. Iv. 


of the * orders of natural 1 to 


which we refer, nearly, all the ſpecies of 
inſects, as NN the 3 ſole principle of 


e ee "wp 
THE FIRST ORDER. 


Of the natural changes, or flow accretions, of 
the limbs | 18 

e of the inſets d are referred 
to in the firſt order of natural changes, called 
the Nymph- Animal 21920 

Ano natural changes of the firſt order of in- 
| ſets, exemplified in the Louſe; with an 
explanation of what relates in n to the 
other three orders 


| 22 
A letter to Mr. Thevenot, containing the 


diiſſection of the Human Louſe _ 30 
The external parts 3 
The internal 


The concluſion of the letter to Mr. 3 
37 


which are exhibited to view, by the afliſt- 


ance of figures, for which the Louſe is pro- 


duced as an example 79:95 38 
of the arboreſcent Water-Flea 


| 30 
A particular treatiſe on the Scorpion, which 
likewiſe belongs to the firſt order of natural 


changes 41 
The natural hiſtory of the covered Snail, alu | 
ſtrated by accurate drawings 43 

CHAP. I. # 


Of the ſhell and ſoft part of the Snail. in 
general, and particularly of the four horns 
which ſpring from the upper part of its head, 
and of the eyes that appear in them; with 
a deſcription of the conflirucing and motion 
of theſe parts | 44 

CHAP. IL 

Of the lips, mouth, teeth, tongue, es 
cſophagus or gullet, and certain muſcles of 
the Snail 48 

HK JH 955; 

Of the taſte, ſmell, and certain actions of the 

Snaul 49 


E N 1 8. 


* . 


7 C H A p. Iv, Ta. 
of the ſtructure and uſe. of the verge or lip 
of the Snail, and of its reſpiration and ſound; 
with other experiments : allo of its glands, 
veſſels, and what it has in the place of 
fert 50 
MK P. v. 
of the actions, ſtrength and life. of the 
Shail. How it is to be killed for diſſec- 
tion, with further experiments; and an ac- 
count of the effect that Salt has upon this 
creature 51 
CHAP. VI. 

of the internal parts of Snails ; and firſt of the 
heart, its auricle, the vena cava, and aorta. 
And alſo of the blood, and its perpetual 

_ circulation. Of the difference of the ſlimy 
humour from the blood of the cavities of 
the verge, and alſo of the ſactulus calcarius; 
or bag of alkaline matter. To which is ad- 
ded, a curious experiment; pertaining to the 


motion of the muſcles _ 52 
CHA P. VII. 

Of the bile, ſtomach, inteſtines, and ſalival 

veſſels of the Snail. | 55 


CH A P. VIII. | 
of the genitals, penis, utetus, teſticles, ovary, 
and other parts ſubſervient to generation 50 


HAP. E. 
Of the manner in which Snails mutually per- 
forming the buſineſs of coition 58 
CH A. P. X. 


Of the brain and nerves, and in what manner 
thoſe parts have their muſcles, whereby they 
are moved backward and forward, in the 
body; a wonderful particular not hitherto 
known in any animal 60 

CHAP. XI. 

Of the muſcles of the body and ſhell, which 
is the bone of the Snails: in what a won- 
derful manner this ſhell is formed on the 
inſide, and how it is increaſed and nouriſh- 
ed. Laſtly, how the Snail moves in its 
egg 61 

| CHAP: Xil. ; 

Of the Hermit-fiſh, and Pinna Marina. Of 

the inward turnings or convolutions of the 
turbinated ſhells, Of the Voluta or Cylinder, 

the Concha Veneris,, and Pencil, and ſore 


other ſhells of the Snail kind 60 
Tbe little Turbo 68 
The ſmall flatted Snail 69 
The oval Snail ih. 

| C HAP. XIII. 
Of the garden Snail, the houſe Snail, and that 

of fields or path- -Ways 70 
Of the garden Snail | ib. 
Of the common houſe Snail 71 
Of the field or path-way Snail | 72 


HAP. XIV, 


Of the common water Snail, alſo of an un- 


common and viviparous kind of water Snail ; 
g and 


l 
+ 77 7 
4 1 * „ 


9 5 8 0 N F- 


Gs of the Aatted with Snail, 2 the 
muſcles of the river Vecht. Alſo a remark- 


able obſervation on the common Snail 73 ; 
on ib. How and in what a wonderfol manner the 


The common water Snail 
The wonderful yiviparous cryſtalline Snail 75 
Of that ſpecies of the Sea Snail, called 25 the 


Hollanders Aliekruyk q; 80 
Of the ſmall water Turbo 8 
Of the umbilicated marble 0 83 
The flatted Snail 0 ib. 
The ſmall flatted Snail 84 
Of the freſh water Muſcles, found in the rivers 

in Holland RS 
The method of cutting various images in * 

6 


A Letter from the author to the moſt 
illuſtrious Mr. Thevenot, on the anatomy 
of the Cancellus or Bernard L'Hermite 86 

The external parts ef the 2 or Hermit 

97 

The internal parts 3 989 


THE SECOND ORDER. 


Of the natural changes, or ſlow accretions 1 
the limbs and parts of inſects 

A Catalogue of the inſects, which are e 
to the ſecond order of natural changes ; called 
the Nymph-Vermicle 93 

An example of the ſecond order of natural 
changes, which I call the Nymph-Vermicle, 


in the Dragon-Fly 97 
Of the Nymph-Vermicles of the Dragon- 
Fl 99 
Of x flying water Scorpions, which belong 
to our ſecond order 101 
The external parts ib. 
The internal parts 102 


The natural hiſtory of the inſeRt called the 
Hemerobios, Ephemerus, Diaria, or Day- 


Fly, extracted from J. Swammerdam's ac- 


count of it, formerly printed in Dutch, under 
the title of the life of the Ephemerus 103 


* C HAF: L 
The Ephemerus is produced from an egg ib, 
CHA P.' IL 


The egg of the Ephemerus produces a little 
Worm with fix legs, called the bank-bait by 
fiſhermen | 104 

G 

Of the life of the Vermicle or Worm of the 
Ephemerus, when out of the egg, and of its 
food 1059 

G. 

How long the Vermicle or Worm of the 
Ephemerus is winged, why it is called the 
eſca or bait; and how long it lives 106 

CHAS 7 


Deſcribes the external parts of the eſca or bait, 


its colour, and the difference in its manners 


and diſpoſition 107 
HAN 
The anatomy of the internal parts of the Ephe- 
merus 108 
C-H A P.: . 


The ſigns by. which to diſcover, whether the 
Ephemerus is to fly in a ſhort time; as alſo 


/ E N * 8. {-?} 


what may prevent it, wd b vin — A 
natural changes it belongs 113 
C HAP. VII. 


* f 


Worm is tranformed into an Ephemerus ib. 


1 AG Des IX; | 

vy merus lives, and what 

bole bryan I 217 
CHAP. X. 


That the Ephemerus kind flies three days, and 
© ſometimes four: certain other ſpecies are 
alſo deſcribed 118 


8 THIRD ORDER. 


Of the natural changes or flow — 8 | 
the parts of inſets 


A catalogue of the inſects which n 


third 3 of 1 changes, called the 
Nymph 121 


The third order or clas of natural changes, 


according to the -firſt ſpecies or method, 
which we have called ſimply the Nymph, 


exemplified in the Ant 126 
Of certain other kinds of Ants, ſome of which 
ſpin like Silkworms 130 


A very curious hiſtory of the Rhinoceros or 
horned Beetle, illuſtrated with accurate 
figures W 2 

nA 

Of the places wherein theſe Beetles live, 1 
their generation, eggs, Worms, and food ; 
. how. long they are feeding; with various 
other uncommon incidents. 132 

CHAP, IL 

The name of the Worm out of which the 

Rhinoceros Beetle is produced, alſo its external 

, diſpoſition, and motions ; that it loves 

eat, and that it caſts a ſkin, with other inci- 

dents tending to illuſtrate this ſubject 134 
CHAP. Uk 

The anatomy of the Coſſus. The manner in 
which it is to be killed. Its blood, heart, 
fat, pulmonary tubes, throat, ſtomach, ſpinal 
marrow, and the nervus recurrens. Whether 
the Coſſus is eatable. How it may be ſea- 
ſoned or preſerved, with ſome uncommon 
obſervations 436 

| CHAP. IV: 


The manner wherein the Worm is changed: 


how its inward parts are transformed in their 
increaſe and growth, and the wonderful 
metamorphotis of the Worm into a Nymph. 
Alſo the method whereby the points of reſ- 
piration, or breathing holes, are tranſpoſed : 
to which are added, many Uncomimen obſer- 
vations | 139 
S HAP. V. 
In what manner the Nymph is filled with a 
ſuperfluous moiſture, which afterwards eva- 
. porates. The anatomy of the Nymph. How, 
on caſting off its ſkin, it becomes a Beetle; 
with ſome wonderful diſcoveries in natural 
hiſtory | 144 
CHAP.”VIL 
The difference between the male and female 
Rhinoceros Beetle, after the Nymph caſts its 


Kin, 


— 


6 0 N t- 
ee e ahve into either of chem. 


Of the points of reſpiration, the eyes, the 


. brain, the nerves, the pulmonary tubes 
and — bladders. OE = heart; 
" 24 bf the: gran of the male and 
| female; with a moral concluſion . 1 46 

A particular treatiſe on the Culex or Thos 
which likewiſe belongs to the firſt method of 
the third order of natural changes called the 


3 2 * 


1 N 


e of inſects, which are referred to 

the ſecond method of the third order or 
claſs of natural changes, called the Chryfalis 1 
An example of the ſecond ſpecies of method 
of the third order of natural changes, called 
the Nymph-Chryſalis, or Aurelia, exhibiting 
that ſpecies of the nocturnal Butterfly, or 


Moth; whereof the male is winged 5 


The anatomy of the common diurnal and varie- 


gated Butterfly 10 
CHAP. I. 
A deſcription of the external parts of the Cater- 


pillar, and a diſſection of the internal, ſo as 
to a ſatisfactory account of the blood, 

_ muſcles, kidney Bay m7 * 2 gul- 
let, cloſed gu -bags, fa pulmonary 
tubes, . brain, and Abbey =] 

CHAP © 

The manner in which the Caterpillar is changed 
into a Chryſalis or Aurelia, with the true 
explanation of what the Chryſalis is. This 
chapter contains alſo ſome anatomical obſer- 
vations, and ſome other — — con- 
cerning the Chryſalis and Butterfly 13 
The hes} duo of the Chryſalis two days after it 


has caſt its ſkin 16 
The ſame at fix or cight days old W. 5 297 
At twelve or ib. 


At ſixteen or ſeventeen 


In what manner the Aurelia aſſumes the form | 


of a Butterfly 18 
CH AP. III. 
Containing a deſcription of the internal parts 


of the male and female Butterfly, deſcribed 
| 27+ 


in the preceding chapters g 
An animal in an animal, or the Butterfly hidden 
in the Caterpillar; which is a third particu- 
lar example, ſerving as an additional illuſtra- 
tion to the ſecond method of the third order 
or claſs of natural changes 2 
THE FOURTH ORDER. 

Of natural changes, or flow accretions of , the 
limbs 30 
A catalogue of inſects referred to the fourth 
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FT ER an attentive examination of animals: for as. the point of | n U 
the nature and fabrick of the leaſt 
and 


| animals, 1 cannot but al- 
low the leſs an equal, or perhaps 
r ee W | 


the manners and actions of the other, muſt ac- 
knowledge all are under the direction and 
controul of a ſupreme and- fingular intelligence ; 
which, as in the largeſt, it extends beyond the 
limits of our nſion, eſcapes our re- 
ſearches in the ſmalleſt. If, while we diſſect with 
der at 


diſpoſition of their limbs, 
the inimitable order of their muſcles, and the 


regular ditection of their veins, arteries, and 


nerves ;' to what an height is our aſtoniſhment 
raiſed, when we diſcover all theſe parts 

in the leaſt; in the ſame r manner. How is 
5 but we muſt ſtand amazed when we 
r that thoſe animalcules, * whols little bo- 
dies are ſmaller than the fineſt point of our 
diſſecting knife, have muſcles, veins, arteries, 
and every 
mals ? Creatures ſo very diminutive; our 
hands are not delicate enough to manage, or 
our eyes ſufficiently acute to ſee, them; inſo- 
much that we are almoſt excluded ſtom ana- 
tomizing their parts, in order to come at the 
know of their interior conſtruction. Thus, 
what we know of the fabrick of thoſe 
creatures reaches no farther than to a ſimple 
enumeration of the parts which we have be- 
fore obſerved in creatures, We are not 
only thus in the dark, in attempting a diſco- 
very of the conſtruction of the leaſt anin 

but we even gain very little knowledge of the 
wonderful texture of the viſcera of 


Me are accuſtomed to uſe the word. animalcule, to 


ſeen by the aſſiſtance of microſcopes ; this author applies it to ſmall animals in gen 


and is its more proper, meaning. 


duly con- 
the conduct and inſtinct of the one, wich 


other part common to the larger ani- 


largeſt 
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of every kind, which it cannot ex- 
, I ſee no reaſon why the Ant might not 
urpaſs in bulk the largeſt. Perhaps, their ſizes 
proceed in proportion to the greater or leſs 
ſtrength of the heart, by which the parts muſt 
be extended, againſt the preſſure of the at- 
moſphere. Notwithſtanding the ſmallneſs of 


$ thoſe minute creatures in 


8 
: 


3 


=> 


rticular, which are onl 
7 which was its origin 7 


B N ; . Ants, 
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Ants, nothing hinders our preferring them to the 
largeſt animals, if we conſider either their 
unwearied diligence, their wonderful ſtrength, 
or their inimitable propenſity to labour; or, 
to ſay all in one word, ante Fromm in- 
comprehenſible love to their young, w 
er e 
tem J but, by accident they are killed, 
and even cut into pieces, they, with the utmoſt 

tenderneſs, will carry them a . 
in their arms, Who can ſhew an ex- 


ample the largeſt animals, which ire 
dignified with the title of perfect? Who can 


find an inſtance in any 
may come in competi 
the entrance of this work it is not my inten- 
tion to explain the form-and wonderful pro- 
pagation of animalcules, which ſeem to be 

ious or to have no blood: I ſhall treat 


other creature, that 


exanguious 
in general of the manner of their ſurpriſing 


metamorphoſes ; and at the ſame time ſhew, 
that they not only - reſemble other animals in 
the increaſe of their parts, but that they ex- 
ceed them by infinite degrees. This being 
done, the particular obſervations concerning 
thoſe animalcules ſhall be fully explained in 
oper order and place. But before I 
proceed to them, it will be neceſſary to prefix 
a general diſſertation on their nature. 

That I may make good the prom 
twelve years ago, I made to the public in the 
eface to my book of Reſpiration, (and which I 
ve been unhappily hitherto hindered from ful- 


filling by ſickneſs, and other impediments,) I am 
— ſhew the icular of the Ca- 


illar into a Chryſalis; as alſo, the nature 

various forms of thoſe animalcules, which 
are ſaid to be exanguious, before and after their 
change into Nymphs: but I judge it ex- 
tremely to eſtabliſh firſt ſome. certain 
propoſitions, and to explain the order ef their 
changes. This, fully underſtood, will contribute 
to a clear and diſtin perception of the irre- 
gular and various appearances of inſects; ſup- 
plying the place of a pencil, and repreſenting, 
as it were, in their true colours, the variations 
of them; ſetting each in a juſt light, and in 
their — _— Thus ſome certain and fixed 
principles will ſupplied to the ingenious, 
who are curious 1 wr things; and the 
obſervations, of which I ſhall give a conſi- 
& wap ch wall — 0% as. Dam foun- 

ion and ſure ſupport for all experi- 
ments that ſhall be made concerning them, or 
all that poſſibly can be made. Nor does it 
appear to me a matter of ſmall moment to have 
iſcovered rules and theorems in the nature of 
things, by the aſſiſtance of which all thoſe 


to the fate of ſome valuable picture, which; by 
with this? But in 


true appi 


forms of inſects: which, by the 
as others, through 


metamorphoſes of inſects, which have the ap: 
peardnce of fiction and fancy, and differ in form 
and ſtructure infinitely from each other, 5 

reduced to one foundation and kind only; in- 


cluding in three or four orders of changes all 


the firſt rudiments 5 
appear to us under I 

The true nature of the | of 
theſe animalcules ſeems to have been ſubject 


length of time, being ſoiled and clouded with 
dirt, no longer ſhews the true form of its 
figures, but has an a altogether diffe- 
rent; ſo that ĩit muſt be cleaned, and its origi- 
nal luſtre reſtored, if we would diſcover its 
doe. in the awe manner here, be- 
fore we can ar own rig wha the ſeries of 
the changes, and illuſtrate. them by particular 
examples, it is neceſſary we ſhould reſtore this 
excellent appearance, or, if I may ſo ſpeak 
that curious picture, exhibiting - the . natu 
ned as well 
length of time, has been 
ſo ſoiled and obſcured, that the beautiful and 
genuine changes of thoſe animalcules do not 
appear properly what they are, but rather ſome- 
what elſe, or at leaſt, are ſeen in a confuſed 


| 2 of 

| | ſhew by what means it has 
happened, that the knowledge of the Nymph, 
or original ground of . thoſe natural changes, 
has been ſo obſcured and darkened. This we 
ſhall take care to clear up and reſtore to its for- 
mer ſtate. Thirdly, we ſhall eſtabliſh. four 


ly, we 


ſeries or orders of thoſe „taken from 


nature, to which all the metamorphoſes of the 


exanguious animalcule may be d, as de- 
pending only upon one foundation. Laſtly, the 
order of the natural changes of their parts will 
be confirmed by particular examples in the 
inſects themſelves, together with the figures 
of them, and the whole clearly and diſtinctly 
explained. ann Tn | Earl oe kT; 
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our on notions ; | | 
atiſes from our ignorance of the nature of the 
Nymph or Chryfalis. In this the little animal 
lies, like the flower in its bud. Before I pro- 
ceed farther on this head, it may be proper to 
obſerve, that theſe words, Nymph and Chryſalis, 


. 


thing, that there is no dif- 
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peat, that the reader is to take particular notice, 
that to acquire a ſatisfactory wy nies of the 
mutations which happen in the eggs of inſets in 
general, as well as in the worms or Caterpillars in 
particularhatched from them, he muſt firſt clearly 
and diſtinctliy com the nature of the 
Nymph, Necydalis, Chryſalis, or Aurelia. 
Tbough we muſt allow thattheres as ĩt is 

called, ſome accidental be- 
tween the plain unadorned Nymph, and that form 
ofit, which, from its bright gold colour, is called an 
Aurelia, or is; upon muture conſiderati- 
on; this will be found merely accidental, without 
any difference in the internal conſtitution of 
their parts, ſufficient to alter in them what is 
commonly called the eſſence of things. This 
great truth being once underſtood of inſects 


particular ſpecies of them: for inſtance, to 
the Silk-worm, whoſe Nymph or Necydalis is 
never called Nymph by naturaliſts; / but only 
Necydalis and Chryſalis, though it is in fact a 
Nymph, and is called Chryſalis merely on ac- 
count of the external difference in colour. 
That we may ſucceed the better in examin- 
ing the nature of this Nymph, or Chryſalis, u 
which, as upon an immoveable baſis, the doc 
trine of all the changes obſervable in inſets 
is ſo evidently founded, that the jarring opinions 
of all the naturaliſts who have hitherto. wrote 
upon the ſubject, muſt appear utterly vain; 
it is neceſſary to obſerve, that the Nymph, or 
Chryſalis, is nothing more than a change of the 
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in is to proceed 
f animal itſelf hid under this 


are je.. En 
To advance toward my purpoſe, I muſt re- 


covered, and may 


in general, may be afterwards applied to every therefore the word Nymph ex 


* Hiſt. Anim, Lib. V. cap; 1g. TIS 


- * 
* 


i 
F ,” 5 2 + \ l +4 * iv + 4 , #4 * 4 1 F 

7 *80Y : Finne y : 

3. 2: 


"_ » ps 4.47 ir . 4 7 0 4 P 4 {© 
19 teien, A 


% * 7 ; : . + * * 


f 


% oy 1 
: 
1 3 
© i ©. 


V4 3437 T4 
_ 


mf 
' : : 
$4 o | 
$ a 


| y e * 1. 4 | $* | : 31 
, 1% Is 3 ; 
: * - 
14 : "8" 4 3 S's 
*? l G 1 . i 17 8 1 _ * * N 


Caterpillar or worin; of; to ſpeak more pro- 

ly, an accretion, growth; batting of the 
imb parts of the illar or worm, con- 
taining the embryo of the winged animal that 
from it. The Nymph, or Chry- 
may even be confideted as the winged 
ular form. 
From whence it follows; that in teality the Ca- 


falis, 


terpillar, or worm, is not changed into a Nymph 


or Chryſalis ; nor, to go a ſtep further; the 


Nymph or Chryſalis into a winged animal; but 
that the ſame worm or Caterpillar, which, on 


d caſting its ſkin, aſſumes the form of a Nymph or 


Chryſalis, becomes afterwards a winged animal. 


Nor, indeed, can it be ſaid that there happens 


any other change on this occaſion, than what 
is obſerved in chickens, from eggs which are 
not transformed into cock or hens, but grow 
to be ſuch by the expanſion of parts already 
formed. In the ſame manner the Tad- pole is 
not chan 
* 


_ the Aurelia, and 
tore particular in Nymph, ſo called | 
Ariſtotle® ww fm greateſt propre, — 
not only all the parts and limbs of the little winged 
animal ĩtſelf; but, what is moreſurprifiing, though 
till now unnoticed by any author I have met 
with, all theſe parts, or limbs, are to be diſ- 
be ſhewn'in the worm itſelf, 
on ſtripping off its ſkin in a careful manner. If 
therefore we retain the name of Nymph; uſed 
by Ariſtotle, the worm at this may be 
confidered as marriagable, and, if we may make 
uſe of theſe ex entering into the con- 
nubial ſtate. We may further ſhew' this; by 
conſidering that the worms, after the manner 
of the brides in Holland, ſhut themſelves up 
for a time, as it were to prepare; and render 
themſelves more amiable, when they are to meet 
the other ſex in the field of Hymen. Since 
the nature 
of the thing better than any other, as will more 
clearly appear hereafter, we ſhall adopt it on 
this occaſion to avoid confuſion, and to be the 
better underſtood :; for though the words Chry- 
falis and Aurelia are employed to expreſs t 


fame thing, they properly imply ſome external 


differences, which we have already named, and 
ſhall hereafter treat of more at pre = | 
That elegant diſpoſition, and diſtinct fram- 
. parts, which I have mentioned, is parti- 
cularly obſervable in the Nymphs of Ants, Tab. 
XVI. No. v. Flies, Tab. XLI. fig. 11, and Bees, 
Tab. XXV. fig. vi. as will appear n in- 
ing their figures in Tab, XVI. XLI. 

and XXV. For ſome accidents, as they are 


called, 


4 NBER The BOOK of N A r n Ez ooo 


called, ſuch as colour, (firmneſs of the parts, and 
the like excepted, theſe, Nymphs repreſent ex- 
actly, and. in a ſurptiſing manner, thelittle wing- 
ed animals they are to 


caſt a very thin ſkin," all thoſe parts appear in 
molt of theme” . 
This accurate agreement, or rather this ſame- 
neſs of the Nym 
vers in the t form, has given room to 
ſome who. have written on this ſubject, to call 
the Nymphs of Ants, Flies, and Bees, by the 
names of Ant- ſhaped, Fly-ſhaped, and Bee- 
ſhaped Nymphs. This we ſee in Ariſtotle, in 
the place above cited: He ſays, When the 
© have received the out lines of the ſhape whi 
e they are afterwards to wear, at this period 
* they are called Nymphs 
Mouffet, though in his book of Inſects he be- 
ſtows a particular chapter upon the Chryſalis, 
there denies that any diſtinct are to be 
obſerved in it, yet is not to be underſtood 
as including the Nymph in that aſſertion; he 
does not even make the leaſt mention of it: 
and, indeed, thoſe diſtinct are ſo evident in 
the Nymphs of inſects, as ſcarce to leave the 
leaſt room in any to doubt, but that they are 
the very 2 which they ſo evidently re- 
preſent. This certainly muſt be the reaſon why 
the Nymphs are often call'd Chryſallides and Au- 
wn by the hope author, in the courſe 0 his 
work; though no deſcription is given of them 
in the chapter we have — . | 

As errors never are confined to thoſe who firſt 
fall into them, the incomparable Harvey *, by 
committing the ſame miſtake with Mouffet in 
his notions concerning the nature of the — 
ſalis, has ranked the Nymphs of the Bees in 
number of them. With the fame Mouftet, 
Ariſtotle and Aldrovandus have explained the dif- 
ficulties which occur in following, by a nice exa- 
mination, the tranſmutations of this claſs of 
inſets, by a ſyſtem more ingenious and ſubtil, 
than agreeable to truth and the nature of things ; 
fince both he and Ariſtotle +, Aldrovandus, and 
numbers. of other authors, have imagined, that 
the Nymphs of Bees are ſo far from containing 
the parts of the future inſects ; that they can 
only be looked upon as the eggs which are to 
produce them. | 


* 


Tho' there are ſome ſlight external differences 
between the Nymph and Chryſalis, which we 
have already obſerved, the Chryſalis notwith- 
ſtandingought to be conſidered asa Nymph; there 
are alſo ſome external differences amongſt the 
Nymphs themſclves, which it is likewiſe proper 
ann wg wear 

y far a greater agreement between mph 
of the * pe Ant and the Ant itſelf, 2 
is between the Nymphs of Bees, or of Flies, and 
theſe winged inſets. reſpectively; ſo that there 
appears the ſame diſagreement between Nymphs 
of one kind and another, as between theſe and 


Chryſallides. But as all theſe differences are merely 


ccidental, as will hereafter more plainly appear, 
little regard is to be paid to them; notwith-' 
ſtanding Ariſtotle, who at the ſame time that 

he aſſerts a ſimilitude, in point of ſhape, between 


© In Lib. Gener, Anim, Exetc. 13 


wy 


produce z and even in 
the ſpace of two or three days after they have 


with the little animal it co-, 


Even the learned 


+ In Jab. i. Cap. f. de Chyylallde, 


the Nymphs and the little animals to be ex- 
peed from them, ſo far denies ſuch a c 
perty in the Chryſallides, that he — 

em merely as the eggs of thoſe inſects to 


which they belong . 
. Chryſalis, or Aurelia, which is indeed nothing 
more than a gold- coloured 


and neither. is nor ought to de led ſpecifically .. 
or diſtinctly by this name, nor can at all times, 
ſeeing all the N which are called Chry- 
ſallides have not this bright outſide ; this Chy- 
fallis, I ſay, in the ſame manner as has. been. 


ſhewn_ of the GE WIT AO 
<< the parts of the animal, but is indeed 


that animal itſelf”. This truth. however, is con- 
tradicted among the antients by; Axiſtotle, and 

the moderns by Harvey, and number- 
. writers. As we have obſerved that the 
N of the Ant differs from. that of the Bee; 
and th . we 
remarked a t ymph generally known 
by the name of a C differs from all 
thoſe be forementioned. That this. may — 
the plainer, for example, in the caſe of the, But- 
terfly's Chryſalis, Tab. XXXV. fig. vi. and vii. 
it will be proper regularly to- demonſtrate, not 
only the differences by which the Nyraphs- of 
the Ant, Bee and Fly may be diſtinguiſhed 
from one another's, but thoſe variations like- 


wiſe by which the Butterfly's Chryſalis is diſ- 
tinguiſhed from theſe Nymphbs ; and the dif- 
ferences alſo, by which all theſe Nymphs 


- The firſt 
of the Ant, Tab, XVI. No. v. agrees better with 
the Ant, thanthe Nymphs of Flies, Bees, or Butter- 
flies, do with thoſe inſects reſpectively, and by 
which property, of courſe, the Nymph of the Ant 
differs from the Nymphs of the three other inſects 
before- mentioned, conſiſts in this; that the com- 
mon Ant, which has no wings, but only anten- 
næ, or horns, and legs, affords as clear and diſtinct 
a repreſentation of thoſe when hid un- 
der the form of a Nymph, as when it after- 
wards: appears in its own proper and perfect 
ſhape; excepting only, that the legs and horns, 
which in the Nymph are folded up in a delicate 
manner, ſhew themſelves at large, and in ano- 
ther ſituation, in the Ant itſelf. So that the dif- 
ferent diſpoſition of theſe parts, in the ant and 
its Nymph, which every one muſt allow to be 
an article of little e, conſtitutes all 
the difference that there is between them. 
Nevertheleſs, the overlooking; of this truth, the 
moſt important of all in the theory of inſects, in 
the caſe of their Chryſallides, has been the great 
reaſon why the true knowledge of the nature 
of this ſpecies of Nymph has been buried to this 
time in obſcurity, to give Way to a fancied me- 


Et 


4 Hiſt, An. Lib. v. Cap. 19. 


The 


' The other difference, or that which is re- 
—— Tab. XLI. 
E rt. and its Nymph, and between the other 
mentioned; and "theirs, conſiſts 


common, or more ſcarce Fly, appear ſtretched 
up in the Nymph, and lie cloſe its ſides, 
and between its legs. This is alſo the caſe in 
the common Ant; whereas both in the Fly and 

leis or wunk, 
ry reſ a 


The third difference, or that which Web- 
ferred herwern the Bee and its Nymph,” Tab. 

XXV. fig. vi. and the inſects already named, 
r 6 ths, thet the legs and 


— 3 — parts in a di 
ſttion, from that wherein they are Ge ah: 
Bee itſelf, and in a manner which makes it dif- 
Heult to diſcern them. The wings, like thoſe 
of the common Fly, Tab. XXXVIII. fig. rv 
are folded up, and 'lie cloſe along its ſides, and 
its legs; but the little trunk, fo dif- 
ficult to be obſerved in the common Fly and its 
iy i Fe conſpicuous in that of the 
Bee, 


delicately diſpoſed between 
the contracted * 


. 
As therefore all the theſe/Nymphs 
in them, though 


may be eaſily 
occaſionally with ſome accidental differences; 
ſo one thing is equally common to all of them, 
namely, that each of them clearly expreſſes the 
inſect which is to be 22 
ther already that very inſect; which in the 
manner of the Caterpillar, the better to explain 
the difference between the Nymph and the 
future inſect, is now to caſt off a ſkin, 
to become from a Nymph a winged animal; in 
the lame manner «it had caſt one off before, 
from a Worm, to become wh wr” mph — 1 
. regent of nature Libavius® has ſufficient! 

in the Silk Worm, and faithfully 16. 
presented i in his elegant drawings. 

It is, engeqover,” wd . . ore, i dat 
che legs, wings, trunk, horns, and every other 
1 are covered with a mem- 
equal thickneſs, in every place where 
N — not not fie upon each other. This is the 
** why, in the Nymphs of inſects, almoſt 
all che members appear free, flexible, and ca- 
pable of motion; for there is a ſpace between 
all theſe parts acceſſible to the air; and they 
neither tonch, nor can adhere to one another, 


Ache 
% | xfording thi curious eye an 8 
e the figure of the inſects 


little body, and all its limbs; to this cauſe 
_ alfo, we are to attribute, eee beovene 
of a 8 colour, 48 ſoon ad they have gone 


through their neceſſary chan OP. 
pb ne © F 


obe n, Bend L. I. C. 22. 
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icky is this, int the' wings which in the - 
. are folded 


11 Th L n C. 56. 40 Aurel. | 
C 


In the/Chryſallides, ſome of which, like the 
ker Nymphs, aſſume this milky hue at the 
time of their , but afterwards become 
lf with gold, or entirely cloathed in that 

colour, it is a more difficult matter, on a 

bare furyey'er their outſides, to diſtinguiſh the 

inſe& one from another. Their 

wings, and the zeſt are folded up, and 

as it were packed together in a moſt intricate 

manner: and this difficulty has been the cauſe, 

as will be hereafter ſhewn, of the principal 
miſtakes of writers on this ſubject. 

It is likewiſe to be obſerved, that the 
Nymphs of all the three inſets we have here 
taken notice of, the Ant, the Fly, and the Bee, 
immediately after their change become tender 
and flexible, and indeed fluid, in a manner like 
water itſelf z ſo that they loſe all their former 
ſtrength and r: this made Gaza, with 
great reaſon, call them invalids, as the learned 
Aldrovandus has obſerved, ſince they remain in 
this condition almoſt to the end of this period 
of their life. Mouffet ſeems to have taken 
notice of this ſoftneſs in ſome Chryſallides, 
the cauſe of which we ſhall explain in its due 
place, with the neceſſity there is for it. That 
author's words are, + * When Pliny ſays that 
the body of the Chryſalis is hard, Iimagine he 
means the Caterpillar.“ The ſkins which are 
thrown off by the Nymphs here mentioned, 
are ſo twiſted and folded together, that, without 
a delicate hand, and a great deal of experience, 
it is a hard taſk to diſplay them properly; this 
will appear when we come to relate our ob- 
ſervations upon Bees, the curioſity of which 


W ee, eee ee of 


| mankind, 
We now proceed to the fourth difference, 
or that which belongs peculiarly to the Chry- 
is omy accidental, though 


ſalis, and, like the tell, 
a great deal more remarkable. That the reader 
may know what Chryſalis we are about to 
compare with its Butterfly, and after wards with 
the Nymphs of the Ant, and the Fly and 
the Bee, and, laſtly, with "theſe inſects them- 
ſelves; we are to inform him, that we ' ſhall 
take for our preſent example that Chryſalis, of 
which Mouffet 4 gives a drawing in number XII 
of his diurnal Butterflies, which is the fame 
with that deſcribed by Goedaert, i in'the twenty- 
firſt t of his firſt part, and which I 
have repreſented ſeveral Mm in Tab. XXXV 


- of this work. 


The difference” een this Butterfly and 
its Chryſalis, as Well as between the other 
Nymphs heretofore mentioned, and their ani- 
macules, is as follows. T he wings, which 
in the Butterfly ariſe from the ſhoulders, are 
very large, and hang over the back of its body, 
in the Chryſalis, Tab. XXV. fig. vr. are gather- 
ed up and folded into the ſhape and ſize of half 
the nail of a man's little finger, and are turned 
in towards the belly, * which MI, lie of 

an equal e 


2 0 . f c 4 pk -/ 
The 


The trunk, which in the Butterfly 
tracted and curled up into the ſize and ſhape 
of the head of a ſmall pin, and lies between 
its wings, appears in the Chryſalis beautifully 


5 expanded along its belly, between the two 


wings 44. In the Chrylals alſo, the legs, . 


g g, by a moſt inimitable contrivance, 
cauſe of which, with the reaſons for it, we 
ſhall hereafter deliver in our ſelect experiments, 


which are placed on both fides cloſe to the 


trunk, quite otherwiſe than in the Butterfly z and 


finally, to compleat this ſcene of wonders, the 
horns, i i, which in the Butterfly are ſtretched 


out at full length over the eyes, lie over the 


legs in the Chryſalis; ſo that upon the whole, 
all the parts of the inſect, the body, wings, 


horns, legs, and trunk, are to be found as well 


in the Chryſalis, as in the Nymph, in the 
former, indeed, the feet are leſs diſcernable than 
in the latter; but the ſame difference is equally 
obſervable in the reſpective inſects. TY” 
The ſkin which contains -the Chryſalis, is 
much' thicker in thoſe parts which cover the 
limbs on the outſide, than in thoſe which 


| ſerve only to keep them aſunder ;. beſides, all 


theſe parts are ſo evenly and elegantly faſtened 
as it were to and upon one another, that they 


exhibit an uniform and equable contiguity of 


parts. For this reaſon they are, with the 


greateſt difficulty, to be diſtinguiſhed from one 


another, and that only by a ſingular method, 
which I ſhall explain to the reader in its 
proper place. This difficulty not only pre- 
vented Mouffet from giving us an accurate 
repreſentation of the Chryſalis in the place juſt 


cited *, but induced him to deny, with Ariſ- 


totle, that there are any parts in the Chyyſalis 
diſcernable by our ſenſes. He ſays, the Chry- 
e falis has neither mouth, nor any other part of 
*© the ſucceeding inſe&, that can be perceived.” 
Libavius, is under as great a miſtake on 
this ſubject + ; for, though in treating of the 
Necydalis, he allows it ſome traces of wings, 
and alſo of horns, he denies that any diſtinct 
limbs are obſervable in it; his words are 
theſe, © On the fore part there are marks 
e of legs and horns; and on the back part, 
** towards the ſides, ſome faint repreſentations 
of wings.” But a little afterwards he ſays, 
6 You cannot perceive any diſtinct limbs.” 
Goedaert is as much at a loſs as theſe authors, 


about the true nature of the Chryſalis. He is 


at great = to make out in it ſome reſem- 
blance of the human face; and he gives a 


drawing of it, under this idea, in his figures 
of chryſallides. He ſhould rather have given 


us that elegant form, which really appears in the 
Chryſalis, ep have endeavoured 3 his 
reader with idle ſpeculations, the more pro- 
ductions of his own fancy. Nor is this all 
his error; he gives us an unnatural repreſentation 


of the caterpillar itſelf, in the place already 


* Inf. Th. L. II. Cap. 36. de Aurel. 
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cited; for that Caterpillar is not covered with 

hair, but with little prickles, and is very nearly of 
the figure repreſented in his 26th experiment. 

the limbs of the - Chryfalis, faſtened 

together in the mariner alrcady mentioned, hardeu 

by degrees, or its skin, which at firſt was ſoſt 
and tender, gradually dries up, and becomes, 

as it were, of a horny ſubſtance, it gradually 
alſo changes the greeniſh hue which it had 
before, for a gold colour, and all the parts loſe 
their motion; till at laſt this Chryſalis, or pro- 
perly the Butterfly, which has lain its time 
under the form of this Chryſalis, caſting off 
its hardened skin, breaks forth in the very ſhape 
in which it lay hid under it, without having 
ſuffered any change during its conſinement, 
unleſs this, that its tender parts, which were 
fluid like water, and immoveable, through an 
exceſs of humidity, have with time acquired 


firmneſs and ſtrength; juſt as it happens in 


the Nymphs already deſcribd. 
When the Chryſalis has caſt off its skin, the 
wings viſibly expand to their true dimenſions 
in a moſt ſurpriſing manner; and the legs and 
other limbs unfold themſelves, and aſſume 
the direction and form we ſee in the But- 
This expanſion of ings bei 
ſudden, therefore difficult t be Faſtly obe 
ſerved, or undetſtood as it deſerves, unleſs by 
perſons accuſtomed to experiments of this kind ; 
it is no wonder that the moſt happy geniuſes, 
the immortal Harvey, for example, and num- 
berleſs others, ſhould have fallen into an error 


9 


on the occaſion, affirming that this metamor- 
phoſis is not external, or occaſioned by 


growth in the wings of the Chryſalis; but that 


it is altogether internal, not only in regard to 


the wings, but to all the other limbs; in- 


ſomuch that Harvey takes upon him to ſay, 


that the Chryſalis aſſumes a new form in every 
reſpect, and therefore calls it a perfect egg. 


The truth is, this ſuppoſed transformation does 
not take place either internally or externally in 


the Chryſalis; this is proved by the moſt care- 
ful experiments, with which his doctrine totally 
diſagrees. Nor does he ſucceed better in ex- 
plaining, than he had, in imagining this me- 
tamorphoſis, which by his denying any growth 
of the parts, and ſubſtituting an imagination 
of his own, becomes utterly incomprehenſible. 
Theſe remarks are to be conſidered here as 
occaſionally introduced; for as we intend to 


deſcribe in our ſele& experiments, the manner 


in which theſe wings and the other limbs 
ow, $953 to demonſtrate alſo what 

appen from day to day in the egg and Chry- 
ſalis of the inſect, both of which we 2 
found to be of the ſame nature, till the Cater- 
pillar iſſues from the former, and the Butterfly 
from the latter, we ſhall at preſent enter no 
further on this ſubject. 2 


+ Obſ. Hiſt. Bomb. L. I. Cap. 1. 


t The time in which a Butterfly remains in the Chryſalis ſtate, is not limited by nature to any particular period, but depends on 
external accidents. Reaumur fancied that he could keep the Chryſalis entire many months Woe the uſual time of the diſclo- 
ſure of the inſect, and thus add to che length of the creature's life, though in a condition wherein it had little enjoyment. - 


hoe 


Let any one attentively conſider theſe: ac- 
cidental differences, by which the Nymphs of 
inſets differ amongſt themſelves ; the Ch — 
ſalis from its Butterfly, and the other Nymp 
from their reſpeCtive inſets heretofore men- 
tioned; as alſo, thoſe qualities by which the 
Nymphe both with their animalcules, 
and amongſt themſelves; and he will plainly per- 
 ceive, that the Nymph and Chryſalis do, not 
differ in the leaſt in this nature, or as to the 
Interior conſtitution of their parts, fince both 


diſtinctiy and exactly repreſent the form of 


We allow this repreſentation to be more diſ- 
tinct and obſervabſe in the Nymph, than in the 
Chryſalis; but even this depends in a great 
meaſure upon the good fight and dexterity of 
the obſerver, / An indefatigable examiner muſt 
at laſt reach the deepeſt myſteries of this ſcience ; 
and thus an aſſiduous a plication has rendered 
it familiar to me to exhibit, in every ſpecies of 
Chryſalis, all the parts of the ſucceeding inſect. 
But, leſt any oppoſer ſhould take it- into his 
thoughts to object with the great Harvey, 
that there is in this caſe a perfect egg, which 
time may transform, and to which it may give 
limbs, we can anſwer, that we can perform 
this operation equally at different times, in the 
very inſtant of the or in the beginni 

as eaſily as in the middle and end of it; and 
even on the very Worm, before it becomes a 
| is. There is no kind of Chryſalis, 
_—_— ſtrange, unnatural and ludicrous the 


' have found out for them, in the wild fallies of 
their imaginations) in which we are not able 
to demonſtrate all the parts of the future 
inſet; and this as 3 as in the true 
Nymph. It appears therefore to be beyond 


Nymph only in colour, and the diſpoſition of 
its parts, or, as the philoſophers term it, per 
accidens 


But it will be asked, perhaps, how it happens 
that limbs ſhould be more conſpicuous in 
the Nymph, which is evidently the very inſet 
- itſelf, than in the Chryſalis, though equally 
worthy of that name? and why, in the latter, 
the parts are not ſo faſtened, as it were, to each 
other, as in the former. It may be demanded 
8 for what reaſon the skins caſt by the 
thrown off by the Chryſallides, which part with 
| theirs in the ſame manner that the chicken 


only anſwer, that theſe things are hardly, if at all 


- reaſons of this variation being hidden in his im- 
penetrable wiſdom, whoſe providence has be- 
ſtowed on his animal productions as t a 
form diſtinct ſpecies of ſuch beings. It appears 
| therefore that in theſe and other as true re- 
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the inſet, which is to be expected from them. 


ph ſhould be much thinner, than thoſe 
leaves the ſhell of its egg. To all this I can 


explicable; the nature of them depending en- 
tirely on the pleaſure of their Creator; and the 


variety of cloathing, as it has pleaſed him to 


A A 
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ſearches, we ſhould endeavour, by all means, 
to. explain difficulties. by reaſons drawn from 
the nature of things themſelves, not from the 
ſcanty ſtorehouſe of our imaginations. Other- 
wile, by deviating though ever fo little from 


that rule and order, which is firmly eſtabliſhed 


throughout the whole creation by the all-wiſe, 
and 1 author of it, it is impoſſible we 


ſhould not go aſtray at every ſtep, and loſe 


ourſelyes at laſt in the wrong paths, directed by 
our own feeble and imperfect reaſon. 
As the foregoing queſtions deſerve great at- 
tention, I ſhall propoſe that ſolution of them, 


which nature herſelf ſeems to authorize. and 


fupport. We may obſerve, that the Nymph of 
Ants, Flies, and Bees have a much flenderer 
body than the Chryſalis before ſpoken of; and 
from this it appears reaſonable to ſuppoſe, they 
ſhould have a much tenderer skin. The Nymphs, 
beſides this, are always confined to moiſt places, 
where their exterior covering cannot readily 
harden : do not the Nymphs of Ants lie hid 
under the earth? and thoſe of Flies in putrid 
fleſh, the excrements of animals, and other 
moiſt places. As for the Nymphs of Bees, 
they are always found ſurrounded with moiſ- 
ture, incloſed in wax, and covered beſides, 
like Silkworms, with a thin membrane: be- 
ſides this the Nymphs of Bees, at the time 
when they enter upon their period of change, 
have all their parts fo cxcatfively moiſt, that 
ſometimes they weigh twice as much as the 


| Bees that are produced from them. 
figures may be, which Goedaert and others 


It is obſervable, indeed ſurpriſing, that the 
humours conſtituting this- moiſture muſt be 
diſſipated by inſenſible perſpiration, before the 
milky limbs of the inſet can move them- 
ſelves in the leaſt; and all this while the crea- 


ture diſch t. This Ariſtot! 
all doubt, that the Chryſalis differs from the Ul. ita Sep e 


has remarked in expreſs words “x. 
On the other hand, the Chryſallides of diur- 


nal Butterflies (I ſpeak here in general, and 
do not confine myſelf to one kind of Chryſalis) 


go through their changes in the open air, with 
the greateſt part of their bodies deſtitute of any 
webb to protect them againſt the inclemencies 


of the weather; for this reaſon their outer ſkin 
will naturally grow hard, and therefore may 
be caſt off, as has been already taken notice 


of, without being liable to ſhrink up, or loſe 


any thing of its original form. Beſides, the 


ſkin of the Horned Beetle, Tab. XX VIII. fig. 


VI, vii, vIIt, which is likewiſe found un- 


der the earth, is ſo very fine, that in point 
catly exceeded by the coat 


of thickneſs it is 
of the common Chryſalis. 1 | 

IF any one ſhould aſk, if it is for'the fame 
reaſon Akt the Chryſalis itſelf grows hard, and 
the Nymph continues in its former ſtate of 


of ſoftneſs? and why, on the one hand, the 


Nymph is covered with a thin ſkin, and its 
limbs adhere but little to each other; where- 


as, on the other hand, the Chryſalis is ſur- 
' rounded by a kind of hard ſhell, and all its 


33.4... Hit, Anim. Lib, V. Cap. 19. 
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ain ate in 4 maler AL bet: is Mey ar We b W Wing, 1 ah Bl thy 
0 form one ſubſtance ? 1 mult acknowledge, fete, I cannot by any means allow 1 
that I cannot ſatisfy his curiofity. For as the ts ron mats OR re, or the Hardening 
Nymphs of Bees, when expoled to the open of theNymphbs and Cheyfallides, juft faken no- 
air, die as ſoon as it begins to harden their ſkin; tice oh, 7 at all upon chance; 11 
and on the contrary, the Chryſallides fare no ſhould be ſatisfied to give up my reaſon 10 far 
better when confined to a moiſt fituation; 1 | 

cannot be brought to think, that things, whic 
are produced by nature every year, in a mqof 
wiſe, regular, and conſtant manner, ſhould 

be left ſo dependant upon chance, and the 
ſtate of the air and weather: I e grant, 
however, that it is moiſture alone which hin- 

. ders the Nymphs from growing hard, an 
that the Chryſallides cannot but harden in an 
open, airy, and dry ſituation, But if, alter all, 
we conſider, that the ſkin in which the Chry- 
falis is wrapped up, is not throughout of the 
ſame er . but thicker in thoſe parts which 
are N to the air, than in thoſe which are 


9 


as, to Iinapine, that the very being of theſe 
little TN. depends upon chance likewiſe ; F 
and that they R A gs 
tion; and in this blind manner fully doubt 
of nature's great attention and wildom, 16 con- 
ſpicuous in her manner of preſerving. and. - 
cloathing this part of the creation.  I'canclude, 
from af this, that there is no eſſential diffe- 
rence between the Nymph and the Chryfalis; 
and that the variation . confiſts 
only in this, that the ſkin of the former is 
more thin and tender, and that of che latter 
. thicker and harder 3 to which I may add, that 
in the Nymph all the parts of the future in- 


„ 


out of the reach of its influence, as ſerving ſect may be eaſily ſeen, whereas in the — 
only to cover the inner ſurfaces of its mem- ſalis they ate leſs diſtinct. "That theſe are th 
bers; whereas it is the reverſe in the Nyniphs, inci differences, . will appear evidently 
whoſe covering is e 4 bp nearly of the hereafter, when I treat thoſe We Rperatcly, 
ſame thickneſs, and therefore leſs able to pro- | Sag . 


and in a more ample manner. 


tect the encloſed inſect from the drying qua- 


The manner in which Worms and Oaterpillars become Wyimphbr. 


AVING laid down, the ſole founda- ſpecies of inſects is particularly remarkable, if 


ſo-there occurs 


tion of all thoſe changes which are ob- 
ſervable in inſets, and ſhewn that this con- 


ſiſts in nothing but the Nymph, into which, 


at their proper ſeaſons, all the Worms of 
flying inſets and Caterpillars are changed, or, 
to ſpeak more properly, from which they ſhoot 
out or bud ; a change which appears in all, ex- 
cept ſuch inſects as remain in their eggs, till, 


without paſſing through any intermediate ſtate, 


they have acquired their full vigour, and at- 
tained their proper degree of perfection; to 
which may be added, thoſe inſects alſo, which, 
hiding the real ſhape of the Nymph under the 
reſemblance of an egg, iſſue from it complete 
animals, as ſhall be hereafter explained. Theſe 
things being proved, it appears neceſſary that, 
before we paſs to the other propoſitions, we 


| ſhould enter upon and explain the manner in 


which this change is produced, illuſtrating it 
with the figures of thoſe inſects that are the 
ſubjects of it. 


But as in the forms of thoſe inſects which 
do, but experiments 
moſt Worms and Caterpillars, not to ſay in all, 

the ſix foremoſt legs are 

the inſect, and that without the ſeaſt change 


ſhoot out or bud into Nymphs, there is not 
only an amazing, but in a manner an infinite 


variety; and conſequently it would be imprac- 


ticable here to deſcribe them all; I ſhall par- 
ticularize only thoſe, which differ moſt remar- 


which have more 


animals is called the cheſt; 


we compare them together; ſo there 9 
a no leſs obvious difference on account of the 
various number of legs in thoſe we have ranked 
under the third ies, viz. that of inſects 
| an fix: but in theſe many 
feeted inſects, the ſix foremoſt deſerve our 
chief attention, as does in the inſects that have 
no legs, that part of their body, which in other 


That it may a upon what grounds we 
have adopted A OT of clatting Aae, 
according to their having or not having legs, 
and according to their having ſix or more, it 
will be very proper to obſerve, that in thoſe 
Worms which have no legs, that part of them, 
which we have called their cheſt; never un- 
dergoes any change, or alters its ſituation; 
and that in the Worms and Caterpillars Which 
have legs, be the number more or leſs, the ſix 


foremoſt never come off, or change their places 


in any ſenſible manner; - Goedaert; in direct op- 
poſition to truth, would have us believe they 
ents ſhew the contrary 


conſtantly preſerved by 


in their poſition: and what is ꝓet more ſur- 


„In 


kably from each other, and conſider them as priſing, im ſeveral Worms whichhave fix-1 
they have, or have not legs. _ che Qalteration im their legs is fo! ſmall-»atithe 
We obſerve, that of thoſe inſets which be- time eye. 234220 out into Nymphs, Tab. 
come Nymphs or Chryſallides, ſome have no XX. fig. v2 that it 'cannot-by-anymeans bedil- 
legs, Tab. XVI. fig. 11. ſome have ſix, Tab. -tinguiſhed or obſerved, Whatever un 

XXVII. fig. v. and others a greater number, ſes the former naturaliſts, without any excep- 
Tab. XXXIV. fig. 11. and Tab. XEIV.fig/1n. tion that I know of, have idly and extrava- 

And as this difference between the various gantly imagined on this occaſion. N 
| | As 


and dark dobd of imaginary met 
the hole truth thereby appear 
and mot evident ligbt; in the ſame manner, 
by purfuing the ſame cauſe "with" that readi- 
nels and confidence which ſuch guidances de- 
ſtetve, we ſhall readit underſtand the moſt 
obſcure and difficult changes which happen in 
thofe inſects that have no legs. As we have 
reſolved in this work not to depend upon in- 
ductions of one thing from another to prove 
the aſſertions, we ſhalt abide firmly to the 
chain of our experiments, and, in conſequence 
of this method, advance, that the wings, horns, 
and other parts which Worms without legs 
ſeem to acquire about their cheſts, at the time 
of their mutation, are not truly produced, during 
the period of mutation, or, to ſpeak more 
agreeably to truth, during the time of the 
limbs ſhooting or budding out; but, that 
they have grown there by degrees under the 
ſkin, and as the Worm itſelf has grown by a 


appearance in it upon breaking the skin on its 
head or its back, and thereby give it the figure 


of a Nymph,-which: it would afterwards of 


itſelf aſſume, Tab. XXV. fig. v. | 
Hence it is, that we can with little trouble 
produce the legs, wings, | horns, and other 
parts of an inſect, which lie hid under its skin 
while in the ſhape of a naked worm, which 


has neither legs nor any other limbs. This 


we have ſhewn in the preſence of the celebrated 
Mr. Thevenot, a gen eman whoſe unuſual ſa- 


gacity, in every branch of polite learning, is 
ON praiſe. . We had the good fortune of 


changing before him the Worm of, a Bee into 
a Nymph, by breaking the skin upon its head, 
upon which all the parts hid under it made 
their appearance; and we fince have had equal 
ſucceſs in demonſtrating to the ſame gentle- 
man, and the illuſtrious Lawrence Magellotti, 
a curious ſearcher into the ſecrets of nature, all 
the parts of the Butterfly clearly and diſtinctly 
in the original Caterpillar. We have ſince diſ- 
covered alſo a method of changing, at pleaſure, 
the Caterpillar into a Chryſali.  _ 
To comprehend in a few words the reaſons, 
foundation, and manner of theſe natural changes, 
and at the ſame time to illuſtrate them by a 
palpable ſimilitude, I need only briefly remark, 
that the Nymph or Chryſalis” (I here ſpeak 
only of inſets without legs, the change that 
happens in the reſt, being, as will hereafter 
appear, ſo eaſily , underſtood as to require no 
explication) © is nothing more than a little 
« Worm, which, the of legs, wings, 
, and other limbs hid under its skin being 
ce perfected by time, at laſt burſts that skin, 
« and caſting it off, gives us a clear and diſ- 
<« tin& view of all thoſe parts.” This change, 
which has been prepoſterouſly called a tranſ- 
formation, or metamorphoſis, and by ſome a 
death and reſurrection, is no more myſterious 


or ſurpriſing, than what happens, when one 
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kind of accretion of parts, and will make their 


. A 


of INS E OT S. | 9 
af the meaheſt ants, deſpiſed and trodden 


% under foot, gradually ſwells on every fide ; 
aut after produeing a bud, by burſting the 


« Hirte caſe containing it, preſets an elegant 


<< and beautiful flower. i 


We might likewiſe compare, in this place, 
— — ee, as in 
reſpect to the accretion of their limbs there. 
is not the leaſt difference to be found 
theſe large oreatures, and the little worm we: 
have com with le ſubſtances: but 
amongſt all the animals of that tribe, none 
agree ſo exactly or obviouſly in theſe changes 
with the inſect tribe, as Frogs. Theſe crea- 
tures are ch into a true Nymph, known 
by the name of w/Tadpole ; as will more fully 
pear hereafter,” in the ation of our 
plates, and in ing together the Tadpole, 
the Nymphs of Worms, and the little caſe in 
which flowers are produced, Tab. XL VI. 
The ſame changes therefore, which we ob- 
ſerve in vegetative animals, are equally obſer- 
vable in ſenſitive ones, ſo as to afford us in all 
God's works the moſt manifeſt proofs of his 


infinite wiſdom and power, which man can 
neither imitate nor com 


prehend: for as the 
foundations of all created beings are few and 
ſimple, ſo the agreement between them is moſt 
ſurpriſingly regular and harmonious, eve 
thing conſpiring equally to fill us with ſenti- 
ments of admiration and reverence for the 
great Author of nature. : i 
Ihe ſerious conſideration of the preceding 
truths, will ſet in a juſt light the great error 
of thoſe; who, from theſe natural and intel- 
ligible changes in bodies, have endeavoured to 
explain the reſurrection of the dead; whereas 
that great operation not only far ſurpaſſes the 
powers which we ſee in nature, but has not 
any thing in common with the natural chan 

of which we have. been ſpeaking: the reſur- 


rection is a ſubje& of faith only, which gives 


a certain and undoubted knowledge of things 
beyond the reach ot our ſenſes. Theſe ani- 
malcules do not die, as man does, in order to 
riſe again; all that happens to them is, that 
their limbs become improveable at the time 
of their tranſmutation, which, however, hap- 
pens in ſo ſurpriſing a manner, that it is no 
wonder obſervers, at firſt ſight, ſhould take 


the production to be a real reſurrection from a 


dead animal. This is all that can be offered 
from what we know of inſects, in proof of 
the reſurrection of the dead; which is altoge- 
ther another thing, than that idle and imaginary 


death of thoſe animalcules, or the transfor- 


mation, as it is called, of their limbs. Nor 
are thoſe authors leſs miſtaken, who, from 
theſe natural changes, which they idly call 
metamorphoſes, have endeavoured to aſcertain 
the transformation of metals; as amongſt others, 
the moſt learned Sir Theodore Mayerne has 
not feared to advance this abſurd notion in the 
dedicatory epiſtle prefixed to Mouffet's' treatiſe 
on inſets, His words are: Moreover, if 


D « animals 


_ © tals be tranſmutable ?; 


| * in the Worm without 


\ | ' ! 


The BOOK f NATU RR: tbr 
| 1 C * - # 73. 0 F 
10 The BOOK ff NA DURE; ibrott 


<« animals are tranſmuted, hy may not me- 
49 600 hay? 
_ » To finiſh this r more 
eaſy to comprehend the change of the ſix- legged 
Worms, than that of the Worms without legs, 


of which wie have hitherto been ſpeaking; 


ſeeing the former only acquire Wings, Tab. 
XLV. fig. xxiv, xxv, and its limbs are ſeen 
to ſhoot or bud out, in the ſame clear, diſtinct, 
and gradual manner with the correſponding 
parts of plants and flowers, ſo as to agree more 
perfectly with ſuch vegetation, and with the. 
change ſpoken of in Frogs; than what hap⸗ 


appear ſurpriſing, that men of the greateſt 
ſenſe, learning and experience, who have at 
all times been indefatigable in obſerving theſe 
changes, ſhould have ſo long continued under 
za miſtake,” in regard to the true manner in 


C 


The manner in which the true knowledge of the Mympb, the real 


legs ; ſo itcannot - 


- 


which they e formed. ;; ſubſtituting all 
along; to a fimple . 
the wild flights of their unnatural fancies. 
Hence it is, that the doctrine of inſets remains 
to this day buried in the e e obſcurity, 
ſo as that not only thoſe look upon it as 

myſtery, ho have few, opportunities 
acquainted with ſuch ſubjects, but even thoſe 
alſo who, have made. this Rudy; their regular 
employment, and were the 3 d to 
et, Libavius, and qoedaert; indeed, Imight 
ſay all who have hitherto applied themſelves 
this way, have been ſo far deceived as not only 
to doubt and waver in their, opinions; but in- 
fluenced by prejudices obſtinately to remain in- 
ſenſible to the ſtrongeſt conviction, that the moſt 
S ARIES ASFIRRon could 
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the natural changes obſervable in inſets, has been obſcured and corrupted; with 
an illuſtration of the ſubjef?,” and an entire reftitution of 'its original truth.  - 


AVING manifeſtly proved in the prece- 
1 din Pages, that the Nymph, or Chryſa- 
lis, is nothing but the very inſect which may 
one day be expected from it; and having 
roved beyond contradiction, that the former 
lies hid within the worm, or its skin, in the 
ſame manner as the tender and growing flower 
is wrapped up in its bud; ſo that as the flower 
breaks from the ſurrounding cup, the limbs 
of the encloſed inſect, by the power which 
{wells and ſhoots them forth, muſt, in the 
ſame manner, at laſt burſt their priſon, and 
make their appearance, which appearance alone 
conſtitutes the nature of the Nymph, or the 
knowledge of the foundation upon which all 
thoſe natural mutations depend. All theſe 
things, I ſay, having been abundantly demon- 
ſtrated, I can have no pleaſure in giving a long 
and pompous catalogue of thoſe authors, who 
have entertained liffrent opinions of the mat- 
ter, nor in refuting thoſe ſtrange fancies with 
which they have obſcured Fu perplexed this 
moſt valuable branch of natural hiſtory, Be- 
ſides, what purpoſe could ſuch a diſcuſſion 
ſerve, but to lead us ſtill further from the 
concluſion of this our ſecond propoſition, ſince 
the ſimple explanation of 11 is the beſt me- 
thod of oppoſing and overturning falſhood? 
However, as Mouffet's elaborate performance 
on this ſubject, is in a manner univerſally read 
by thoſe who ſtudy the nature and the changes 
of inſects, and is not only founded on the ex- 


J of the author himſelf, and of his 
e 


arned friends Wotton, Geſner, and Penn; 


but in port extracted alſo from upwards of 
forty authors, of which the learned Aldrovan- 


® Inf. The. Lib. II. C. 1. 


ſome eminent coun 
fore taken notice of in a 


dus is one; and as the author follows ſo ſcru- 

ulouſly the rules laid down by Ariftotle, that 
be ſcarce ever deviates from them, it is incum- 
bent upon us to mention what he propoſes in 
his elaborate treatiſe, where he lays down the 
changes that occur in the Silkworm, as an ex- 


ample of thoſe which happen in all other in- 


ſects; and gives ſuch an account of thoſe 
changes, as neither reaſon nor experiment can 
warrant. His words are theſe; ** It is ve 


e remarkable that in this metamorphoſis hi 

te is performed by means of an Aurelia, the 
« Silkworm's head becomes the Butterfly's 
te tail; and the head of this laſt the tail of 
* the former ; and the ſame thing happens in 
te all the other Caterpillars that become Au- 
« reliz.” In another part of the ſame per- 
formance, where he treats purpoſely of the 
Chryſalis, he ſays as follows: It has nei- 
e ther a mouth, nor any diſtin limb.” Now 
as all, theſe notions are directly oppoſite 
to the clear and diſtin& obſervations we have 
made, and already delivered, it would be 
ſpending time to little purpoſe to dwell any 
onger . them; they have been already 
ſufficiently refuted. We need not be now ſur- 
priſed that this learned Engliſhman, who 
could be guilty of ſo great an error (which 
en of his own have be- 
performance called, 
e A catalogue of the plants that grow in the 
e neighbourhood of Cambridge,] ſhould not 
have taken the leaſt notice of the manner in 
which ſuch fanciful changes are performed, 
though in the ſame cooper he with great rea- 
ſon affirms, contrary to Ariſtotle's opinion, that 


+ InC. The. Lib. II. C. 36. 
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0 Aurelia? The former has 


«« animal ; the latter is not diſcharged by auy 

* animal, but is only changed from. one thing 
= £7.43 0 £ 14 2 © f 

« into angther. _Howexer, though Mouffet 


ſiders it only 38 a kind of medium, ot mean 
condition, between two animals; orf s 4 
third being between the Caterpillar aud the 
Butterfly; ſaying, © It a nevertheleſs by 
«< what I have already 2h that the Aurelia is 
not an egg the truth is, that it is to be 
« called a kind of tranſmutation, and not a ge- 
« neration of the Caterpillar into an Aurelia; 
« and of the aurelia into a Butterfly. But 
as this difficulty, contrived. by his own ima- 
gination, has rendered utterly inexplicable what 
otherwiſe. might be very. caſily explained, he 
has recourſe, as is uſual in ſuch caſes, to the 
immenſe. powet of the Creator, and after this 
concludes the ſubject in the following words: 
I well know how the Ariſtotlians perplex 
« themſelves in this caſe with a wonderful 
transformation, and at laſt are obliged to 
“refer us to God's indeterminate power“ 
But we leave to the wildneſs of their own 
genius, thoſe learned men, who raſhly affirm 
that the true notions of every thing that appear 
in inſects, as well as in other bodies, are to be 
found in the eminent writers of antiquity. Na- 
ture, that indulgent parent, exhibits, all that 
relates to them, to us, every ſummer, in the 
plaineſt and ſimpleſt manner; nay, ſhe gives us 
an opportunity of demonſttating thoſe her pro- 
ceedings, and that in the moſt ſatisfacto 
manner, in the very depth of winter, by the 
help of the artificial heat of a ſtove, or any like 
continuance. Let us rather take a ſpecimen 
or two of the unworthy manner, by which the 
genuine repreſentations of theſe changes, which 
are no more than the natural ſhootin 


limbs, that at laſt thereby come to make their 


appearance, have been confounded and ob- 
ſcured, even by men who have ſpent their 
whole lives in reſearches into the nature of 
animal generation in general; and have ap- 
plied themſelves more particularly to find out 
nature of thoſe changes obſervable in inſects. 
The firſt I ſhall mention, is that ſecond De- 
mocritus, the celebrated Harvey, who, againſt 
the current of the moſt convincing experi- 
ments, boldly affirms with Ariſtotle, that the 
Chryſalis (though it be indeed the very in- 
ſect) is a 
the inſet may, by the help of transformation, 
be afterwards expected to ſpring. Take his 
own words: ® ** Such are likewiſe the ſeeds of 
+ many inſects, (called worms by Ariſtotle) 
* which being at firſt in an imperfect 
* ſtate, ſearch out their food; by which being 


His words are ; ©. To conclude, what is there 
bers in 8 betwe een 


the other part; which he 


gs of the the 


perfect egg, from which of courſe 


N 


i 


perfect egg. which, according to the ſame au- 


+ thor, is:Deither a Caterpillar nor a Butterfly; 
but ſeemeto give into Mæuffet's falſe and abſurd 


non, whe affirms, that the Chry 


hryſalis is a 


kind of medium, or middle being between the 


Quterpillar and the Butterfly... This paſſuge of 


shes us, that he was not acquainted 


from an egg in a ſtate 3 


ever appeating in the form of worms, Cater- 
pillars, or Nymphs; or at leaſt that he ima- 
gined the mutation they undergo is perform- 
ed within the egg; and that therefore their 
generation is the ſame in all reſpects with 
that Which he has deſcribed as proper to 


Chickens within the egg of the Hen; or with 


that other generation Which he attributes to 


the worms of inſects , which ſpring from 


eggs, and which he ' repreſents as perfectly 
agreeing with the 1 of Chickens. 


But although this great philoſopher calls the 

Gaia pH ect - does 
not aſſert the inſect proceeds from the 
falis, as from an internal and hidden prin- 
in the ſame manner that he affirms the 
chicken ſprings from the Hen's egg, or that 
the inſect is formed by one part of egg, while it 
only receives the matter of its increaſe from 
ſays is the caſe in 
the tion of Chickens, - Nay, his opinion 
on this occaſion is far more rational and ſolid, 
for he admits it, with Ariſtotle, as an axiom : * 
That the animal is not made out of the 
* worm, as out of an egg, from a part of it; 
« but chat the whole worm grows, and be- 
« comes an articulated animal, without con- 
ſidering that Ariſtotle calls the Aurelia an egg. 
Now if we compare the paſſage which Harvey 
has adopted from him, with the ſcene which 
nature every year preſents to us, we ſhall find 
words contain 'a true definition of the 
Nymph: but as both Harvey 5 and Ariſtotle ** 
have here beſides fancied a metamorphoſis, 
which they call a diſtribution of one thin 

c that is to be altered into many; and which 
in another place t Harvey has expreſſed by 


the following periphraſis : In the generation 


c that is performed by a metamorphoſis, things 


tc are produced as it were by the impreſſion 


* of a ſeal, upon the matter of them, ot by 
« this matter's being caſt into a mould, the 


«© whole of it entirely transformed.” This 
account is not only falſe, but alto r de- 
grades and darkens the true ſyſtem of thoſe na- 


tural mutations: no ſatisfactory explication can 
be drawn from it, of any manner in which 
theſe fancied metamorphoſes, - and imaginary 
transformations, can be ſaid to happen. 
But the better to underſtand er doc- 
trine of inſects, which, howeyer, does not 
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reach the outer limits of this branch of natu- 
ral hiſtory; and at the ſame time, to ſhew . 
what egregious miſtakes we are apt to commit, 


lights ſtruck out by our weak and impetſect 
reaſon, I ſhall here give his no appt norm nn X. 


the moment we abandon the ſoſid a 
furniſned by experiments, to follow 


of this matter, as I find it in his upon 
this ſubject *, in his own term... 
„There are two ways, ſays he, “ in 


« we obſerve one thing to be made out of 


another (as out of matter) both in art and 
in nature, eſpecially -in'' the generation of 
<« animals; one is, when a thing is made 
© out of another, already: in being, as à bed 
% out of wood, and a ſtatue out of ſtone; 
« when, for example, all the ſubject · matter 
< of the workmanſhip exiſts, before the work - 


„ 


* man begins the work, or attempts to 
give it any form. The other way is, w 
« the ſtuff receives both being and form 
« at the ſame time. As therefore the works 
* of art are performed two ways; the one 
« by the wotkman's dividing, cutting and par- 
te ing away the matter prepared for thoſe ope- 
<« rations, ſo as to leave behind, like a ſtatuary, 
<« the figure of the thing he intends to make: 
te the other, by the workman's adding and 
© moulding, as well as paring away, the mate- 
« rials, and at the ſame time tempering the 
matter itſelf, ſo as to produce. like a potter, 
* the figure; which, for this reaſon, may be 
e ſaid to be made, rather than formed. In the 
*« ſatne manner it happens in the generation 
*©« of animals; ſome of which are formed and 
« and transfigured out of matter already di- 
e geſted and encreaſed for this purpoſe, all the 
parts ſpringing out together diſtinctly, by a 
5 kind of metamorphoſis; and thus forming a 
« perfect animal, while other animals are made 
« piece by piece, at firſt deficient both as to 
« ſige and ſhape, afterwards receive both 
« degrees, from the ſame matter out of whi 
they were originally formed. In theſe laſt 
animals, one part is made firſt, and the other 
e parts, by means of this firſt, as the princi- 
« ple of the animals exiſtence, This proceſs 
te of nature, we call an 1 ＋ or accretion 
ce of parts, on account of her forming the parts 
e gradually one after another; and this is more 
e properly called generation than the other, 
The generation of inſects is performed 
ce after the firſt manner: when the worm, by 
a metamorphoſis, proceeds ſrom the egg; or 
the rudiments are formed out of matter in a 
ſtate of putrefaction (by growing too dry or 
too moiſt) © and theſe rudiments produce, as 
e by a metamorphoſis, a Caterpillar grown to 
te its full ſize, or an Aurelia, a Butterfly or 
te a common Fly of its full ſize, ſo as never to 
e grow bigger. But the more perfect ſangui- 
9 . animals are formed by an epigeneſis, 
te or a ſuperaddition of parts; and, after their 
« birth, grow to a ſtate of adoleſcence, and 
te arrive at their perfection. Chance or for- 


* Lib. de Gen. An; Exerc. XLV. 


t is, 
keep is 


* * Sade animals, - 
* thetnſelves from matter digeſted ſpontane- 
© ouſly,” or by mere chance, as Ariftotle ſeems 
to advance in the vi ih book of his metaphy- 
„ ficks, chap. 9. Thoſe animals, to wit, 
* whoſe original matter can give itſelf motion, 
« ſuch a motion, by .. as the ſeed gives 


e itſelf in the generation of animals. And 
** the ſame thing TE the generation of 
e animals, that is obſervable in works of 


* art; for ſome things which are produced 
e by art, are likewiſe brought about by acci- 
* dent, as health; other things that are made by 
<« art, are never made otherwiſe, as a houſe. 

e Bees, Waſps, Hornets, or Butterflies, and 
e whatever other animals are generated by 
% metamorphoſis from a creeping inſect, are 
* faid to be the offspring of chance, and there- 
* fore never to keep up their ſpecies. - But the 
* Lion or Cock are never produced ſpontane- 
* ouſly or by chance, but are the work of 
© nature; wherefore they do not require a 
* ſuitable matter, or ſome other divine power, 


_ « fo much as a ſimilar form. 


* In the generation by metamorphoſis, ani- 
te mals are faſhioned as it were by the im- 
<« preſſion of a ſeal, or framed in a curious 
* mould, all the matter of which they conſiſt 
*© being transformed; whereas the animal which 
<« is produced by way of epigenefis, or accre- 
e tion, at once attracts, prepares, digeſts, and 
“makes uſe of the ready matter; it at once 
ce grows and acquires its form. In the former, 
te the plaſtic power divides: the fame ſimilar 
<« matter, arranges it when divided, and re- 
* duces it into limbs; from fimilar making it 
* diſſimilar, or forming diſſimilar organs with 
ea ſimilar ſubſtance. But in the latter, whilſt 
< it produces in order different parts, and thoſe 
< parts differently diſpoſed, it requires and 
makes different ſubſtances; and ſubſtances are 
« yariouſly diſpoſed, the better to ſuit the dif- 


<« ferent parts that are to be generated.” 


This is the doctrine of Harvey; and this 
his diſſertation contains almoſt as many errors 
as words. This may appear ſurpriſing in one 
ſo well verſed in enquiries of this kind, where 
truth can only be aſcertained by experiment : 
notwithſtanding all his errors, we muſt do his 
great merit in other reſpects juſtice ; his dili- 
gence in ſtudying nature was very great, and 


he 


— 


Le we &, but 
thoſe of all mankind ; NN e 

in which he-vſually offers his opinions, is yet 
_— for he thus 2 1 

ll peas, i _— OR 

h 1 have been juſt now mentioning : 


| © Therefore 3 reader} 1 do not ex- 


ſhould take my word as to the man- 

which the generation of animals is 
. I appeal to your own eyes as 
. For 
< as all perfect ſcience. is built upon ſuch prin- 
« * are derived * 4 

ſenſe; ought 0 to en 
2 if 8 mind to become tho- 
e roughly acquainted with what relates to ani- 
* mals, to attain this knowledge, by — 2 
« diſſections of them. If you 
« wiſe, you can only acquire a ſpecious pd 


_ © wavering opinion, but no certain and ſolid 
© ſcience.” 


To conclude, it is not our intention to re- 


fate one by one, in this place, all this ingeni- 
ous but miſtaken author's propoſitions ; ſeeing 


this is abundantly done already, by the evident 


truths we have produced ; neither will the dig- 
nity of ſo great a name, cafily admit of ſuch 
a cenſure, (in abſtaining from which, we only 
follow the example himſelf has given us in 
the caſe of that ny g, hey 
Aquapendento, whom he in e 
2 and on the ſame cecoun) Ne mg 
thelefs, I cannot avoid 
leaſt one principle ; 1 ahggo the Nie Nymph we 
is indeed the animal itſelf, and by no means 
the egg, the whole and only mutation which 
happens here, is nothing more than a flow 
evaporation of the ſuperfluous 4 for 
by this all Nymphs are neceſſarily changed. 
Thus it happens, that during this evapora- 
tion, before explained in the Nymph of the 
Bee, the limbs which were before tender, weak, 
and fluid like water, are freed from the ſuper- 
| fluous moiſture which deprived them of mo- 
tion; whereby the latent inſect is enabled to 
force its exterior coyering, and, having caſt it 
off as the Bee does, or ken it as is done 
by the Butterfly, to make uſe of the moiſture 
which remains, to expand its wings and other 


parts. 

The Nymph therefore, during the firſt 3 
of its change, reſembles a man who has loſt 
the uſe of his limbs, by a collection of faline 
or other humours about his joints, and does 
not recover them, till ſuch hurtful moiſture is 
diſſipated by nature, or by art, Nature and art 
have the ſame effect upon tumified members, 
and upon what we call Nymphs; fo that on 
evaporating the ſuperfluous humidity of theſe 
laſt, by the means of nature, or by an artificial 
beat, they may be brought forth in the form 

of N cyen in thi depth of winter, 
In fine, as it js ntterly erroneous to ſuppoſe, 
that the whole maſs of the Worm is transformed 
into the Nymph, and after this the Nymph 
into a winged land or water animal ; fo, onthe 
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- alF the licmbs' of B 
Fly, and ſuch ether inſets, do atually 
the Worm, in the fame manner as the 


© before the eye the 


1 in 


other hand, nothin mn 


utterfly, the "common 


other animals: ſo nothing can be more 
repugnant to truth, or pe fo little ſupportable 


by any" folid arguments, as this notion of a 
metamo eee e 


alone, but in „ tang or Caterpillar: 


Tab. XXVII. fg. 1. 11. and 1v. we can 4 


parts of the future in- 
ure by no means ted 


them having arrived at 'a ſtate of 
the Worm gives itſelf motion, and breaks its 
ſkin; the incloſed limbs having generated by 
degrees, from the motion of the moiſture, and 
their own contraction, ſwell and eaſily caſts 
its ſkin, and ſuddenly diſcloſes all its limbs to 
our dad. * this inflation, (ſhooting out, 
ion; and, as it were, 
chop of the of the 3 of the new limbs, 
duced 


ly grown, or have been pro- 
an 1 or accretion of the 
not at all by a metamo 


fiſts the ſole foundation of all the changes which 


we remark in inſets. © We call the creature in 
the ſtate of this natural mutation a Nymph, 

becauſe this kind of inſoct, on caſting its skin, 
may be ſaid to reſemble a bride or Nymph, 


who, in many countries, _ res and 
pouſe. But 

y what Goedaert has in ſeveral 

—— adva _ that there is any reſemblance 
the Nym and an infant in its 

wathing — as alſo its likeneſs to any 


other figure than that of the future inſe@ ; for 


the Nymph not only repreſents clearly and di- 
ſtintly all the parts of the future inſect, but 


is, in reality, the inſect itſelf; and this, not 


dead or buried, but, as Libavius has al- 
ready obſerved of the Necydalis, actually living 
and feeling, though unable to give any indica- 
tions of ife, except by the motion of its tail 
or belly; for in many we find theſe parts are 
not d with any moiſture, nor und 

any 
a very thin in, ſo that they cannot loſe 


former power to move. 


Allowing therefore as a certain truth, as it 
really is, what has been already advanced in 
this work concerning inſets, not = 5 that 
Harvey ſays upon the ſame ſubj n the ex- 
tracts we . wives and all RN errors that 
flow from thence, fall to the ground; but 
likewiſe that common opinion of philoſophers, 
that the generation of inſets is Atoitous and 
which Goedaert's editors ſeem to have fathered, 
or rather to have forced upon him, ap 
utterly groundleſs ; ſeeing it has no other toy 


dation, Thas that idle and irnaginary „ 
1 which neither exiſts in nature, nor can 


be deduced from Harvey's (in many 


— contradictory ments. This great 
man muſt have eaſily ſeen the weakneſs of his 
E 


own 


«4 ole 


ſuddenly and all at once, hat i appoſed, 
but grow leiſurely one after another, | 


rphoſis) con- 


„but what ariſes from the caſtin 4 5 


. 
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own repugnant notions, had he not been too 
much prejudiced in favour of the opinions 
which yy ep calculated to ſupport” or ex- 

in, 
; 7 permit us to think he really gave into this 

abſurd notion. Perhaps we may with more 
juſtice aſſure ourſelves,” that he proceeded on 
this occaſion, in the manner that people gene- 
rally in conſidering things that are dif · 
ficult to be underſtood and accounted for; 
that is, by fancying ſomething, 
on mature deliberation, beſt to agree with the 
nature of things, as Ariſtotle had long fince di- 
rected, in his treating of the tion of 
Bees *; his words are, That the generation 


of Bees is performed in this manner, ſeems | 


not only agreeable to reaſon, but to what 
« ap to happen in the generation of other in- 


<« ſets of this kind; however, the obſervations 


* hitherto made are not ſufficient to give us a cer- 
© tain knowledge of what it isthat really happens. 
% When we have acquired that certain know- 
edge, we muſt truſt our ſenſes, rather than 
our reaſon, by which we are to be guided, 
as far only as what it demonſtrates, agrees 
with what our ſenſes aſcertain,” Daily ex- 


perience ſhews us, how many and how great 


errors this method of philoſophiſing hath pro- 
duced; ſo that an author would do much better 
to own his ignorance ingenuouſly, than to lead 
aſtray, by unnatural phantoms, thoſe multitudes 
of credulous readers, who, idly thinking that 
all true learning is to be found in books, never 
give themſelves the trouble of immediately con- 
ſulting nature herſelf : perhaps we ought rather 
to pronounce ſuch idle followers of knowledge 
well worthy of this puniſhment, for neglect- 
ing the opportunities of finding it in the things 
themſelves with which they are defirous to be 
acquainted. | | 

. Having ſhewn in ſome meaſure on how 
uncertain a foundation Harvey's account of the 
natural mutations of inſets is erected, it re- 
mains to conſider with what groſs errors, and 
palpable falſhoods, Goedaert has defiled them: 
but at the ſame time we own with ſatisfaction, 
that this author alone obſerved and diſcovered, 
in the ſpace of a very few years, more ſingu- 
larities in the Caterpillar kind, than had been 
done by all the learned men who treated the 
ſame ſubject before him. Notwithſtanding 
this, we cannot help ſaying, that not only he 
was not free from miſtakes, but that he has 
made ſome ſuch important ones, as can ſcarce- 
ly, if at all, be excuſed: not to mention his 
not having had the leaſt notion of the true nature 
of the Nymph. But as we have reſolved to exa- 
mine on a ſucceeding occaſion, ſeparately, all 
the errors of this author, we produce at 
preſent only two of the moſt glaring ; upon 
which, as upon a frail and ſlippery foundation 
of ice, all his experiments are built. Nor ſhall 
we do this with any other view than that of 
making truth appear the more ſtrong and plain, 
by being compared with falſhood; for the more 


reſpect we owe him will,” after great 


which ſeems, 


* Gen, Anim, Lib. II. C. 10. | 
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naked truth is propoſed, the more powefful it 


© IDE 


"$4 
#9 „ 


is to ſubdue errors. 


- In the firſt place Gbedsert is under u ver 7 
miſtake, when he advances, that the C A- 
terpillar can be changed, before it has reached | 


the” full term of its growth; adding alſo, 
what is ſtill more apt 
But let us attend 
to his on words, in the firſt | volume of his 
ſingular obſervations on the wonderful mutati- 
ons that happen in the Caterpillar, page 12 of the 


Dutch edition. I have" beſides obſerved,” 
ſays he, that, whenever the Citerpillars effect 


** mutation, before they have been ſufficiently 
e fed for that purpoſe, and have reached the 
t full term of their growth, they nevet receive 
<< a perfect form in conſequence of ſuch pre- 


te mature change, but are miſhapen and miſe- 


© rable, with ſhort and ſhrivelled wings, like a 
< piece of ſcorched parchment; whereas other- 
« wiſe, in leſs than half an hour, theſe yſeful 
parts expand themſelves, and acquire their 
< proper beauty, with a variety of elegant co- 
9 E Hence it happens, that the unhappy 


« inſet, not being able to make any uſe of 


te thoſe imperfect wings, is much more mi- 
e ſerable than it was before its change, being 
e obliged to creep upon the ene where it 
« at laſt periſhes for want of proper nouriſh- 
ment.” 3 his e 2 
iment, it appears, at dn the ſtrength of t 
3 hypotheſis, having for Gra days 
ſupplied a Caterpillar with food, though all the 
ar e for its mutation, be breaks out into 
the following words: © If I omitted giving it 
*« food, but for one day, it immediately fet 
* about changing; for which reaſon I took 
e care not to make it faſt any longer, as ſo 
premature a change was likely to produce but 
t an imperfect Butterfly; for it is remarkable 
of all Caterpillars in general, that as ſoon as 
te they find their food fail, they prepare for a 
* mutation; but if it fails of its food before 
e the term appointed by nature, the inſect pro- 


duced is both imperfe& and tender; ſo that 


* to have a ſucceſſion of complete Butterflies, 
the Caterpillars muſt be provided with food, 
e till they refuſe it of their own accord, in 
* order to enter upon the buſineſs of muta- 
« tion.” At length, after having given in the 
eighth experiment on the ſtrength of a mere 
conjecture, the example of a nocturnal Butter- 
fly, which was, in his judgment, the weaker, 


becauſe its Caterpillar had been deprived 


ſooner than it ought of its ordi food; in 
the fifty-ninth experiment of the volume, 
and afterwards in the thirtieth of the ſecond; 
he in a manner opens the ſource from which 
he derived all thoſe his miſtakes; for after de- 
ſcribing a very miſerable animal, that was nei- 
ther a Caterpillar nor a Butterfly, according to 
the idea he had idly formed of it in his own 


fancy, he adds, The reaſon of all this is, that 


< the Caterpillar had entered upon the buſineſs 


ve 


to lead people aſtray, 
that the mutation effected in this manner is very 
incomplete and unnatural. 


= 
_— 
* 
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acquired by his dopt a 
reaſoning ; ſo that he could never afterwards 


ments, -which 


and thirtieth experimen 


where he deſcribes ſuch another imperfect. 


animal, and one with wings, does not men- 
tion one word of this falſe propoſi 
paſſes it over in filence, as if ſufficiently proved, 
and not liable to contradiction e 
Since in the o anin 
are exhibited; one of which, namely, the fe- 
male, is always; by an invariable law of na- 
ture, tranſmuted without wings, Tab. XXXIII. 
fig: v1. whilſt. the other, Which is the male, 
never appears without them. No. vr. not only 
the genuine foundation of all natural mutations 
is overturned, and rendered obnoxious to chance, 
by the idle comments which we have extracted 
from Goedaert, but the road to truth is alſo 
rendered impracticable, at leaſt to the-unſkilful. 
Goedaert himſelf could not avoid the conſe- 
uences of -ſuch raſh and idle fictions ; he has 
thence fallen into two other miſtakes, _ The 
firſt is ſeen in the pains he mult have been at 


to ſupply his 82 with ſood as long s 
1 


they required ſecond, his omitting, on 
this account, ſome very curious experiments; 
for, infatuated with his own . prejudices, he 
neglected the true knowledge he might have 
experiments, to adopt a falſe 


by his iments come to know, that the 
ſpecies of Caterpillars he deſcribes, are never 
5 after any other manner; the male 
Fo) ey becoming conſtantly a tender inſect, 


ed with wings, and the female a coarſe 


and big-bellied one without any, WP 
The obſervation made in the place here cited 


appears to be of the utmoſt importance, viz. 


That the male of the nocturnal Butterfly is 
<« is always provided with wings, whereas the 
te female never has any; ſo that the male can 
enjoy the ſweet refreſhments which the free 
air affords, and ramble at pleaſure over the 
ſmiling fields and fragrant flowers, when, on 
the hand, the care at home, and ma- 
nagement of the fruits of wedlock, are com- 
mitted to the female only ; for which reaſon, 


| ſhe is always found with the hinder part of 


her body thruſt out, in order, as it were, to 
induce the male to do his duty; nor does the 
male ſeem indiſpoſed to perpetuate his ſpecies. 
Nature, therefore, intended to afford us in theſe 
inſets. the moſt ſtriking examples of an af- 
fectionate mother, and a careful father; and 
perhaps, as the ſlothful were formerly refered 
to the ant, as a pattern of induſtry, married 
people, that negle& the duties of their ſtate, 
may, with equal propriety, be deſired to con- 
ſider this other little inſect as a model of con- 
FC 
s it ſuffici a rom our expe! 
rata thoſs of A 


Gee that very obſervant author bas taken 
e right method in making them, and hath 


| baſis 
tion, but 


places here cited. two animals 


IMs. J 


. has, deduced. from thence, 
means, rendered the ſtrongeſt 
the origin of inſects .wholly ſubject to 
chance; we ſhall now reſtore this foundation, 
whereon, as on a; rock, depends the whole 
fabrick of the tranſmutations of inſects, and 
ſhall lay down. the following as undoubted 
axioms. * 2 Caterpillar cannot be 
changed before time inted by nature; 
that 1s, the laſt moment — — Se- 
condly, tha 
— 4c before they leave off feeding, yet 
this has no effect to cauſe any change in their 
form. We. muſt. however acknowledge that 
ſome difference in ſize may ariſe from 
hence, which we muſt obſerve hath not 
been noticed by Goedaert, nor, hitherto, by 
any other perſon. Wherefore, thirdly, we by 
no means think it neceſſary that the Caterpil- 
lar ſhould be fed until it ceaſes to eat of its 


own accord; for at the time when it is to un- 


dergo a change, the buſineſs of feeding is not 
only unneceſlary and difficult, but entirely uſe- 
leſs... Conſequently, the concluſions of Goe- 
daert before mentioned, have not been drawn 
from the nature of things, but from his own 
falſe and chimerical notions. For he, not 
having examined his experiments with deli- 
. and diligence, deceived himſelf and 
ers. £; It 4 1; BER A 1 
We may take it for granted, that as ſoon as 
the Caterpillars have arrived at their utmoſt 
growth, t is,) when all the limbs under the 
have grown to a proper ſize, they have 

not only power and ability, but alſo, if I may 
be allowed the expreſſion, a free and abſolute 
will to begin their mutation, with this reſtric- 
tion only, that they cannot omit or avoid it; 
ſince the budding limbs, which demand, as 
it were, to be changed into the Nymph, in 
of time, burſts the ſkin, though they 

can feed for a conſiderable time afterwards : 
but then, as I have before obſerved, this fur- 
ther feeding is of no other uſe but to make the 
creature larger or ſmaller, for from that time 
not even the leaſt of their limbs is increaſed in 
length, This Harvey hath alſo remarked, in 
his treatiſe of the generation of animals. From 


hence it alſo follows, that theſe animalcules, 


now grown to perfection, attaining the age of 
. and fit for the copulative ſtate, apply 
themſelves ſolely to propagating their ſpecies, 
in the execution whereof ſome particulars are 
ſo. aſtoniſhing, that they deſerve everlaſting 
admiration. bY 2 

Nature rms the whole proceſs of gene- 
ration in theſe inſects in ſo clear and open a 
manner, that by the aſſiſtance thereof it ſhould 
ſeem as if we could penetrate into the true 
foundations (though hitherto buried in dark- 
neſs) of the generation of other animals, 
which we ſhall evidently demonſtrate, when 
we have time and opportunity for further ex- 
periments. | a 


t although Caterpilſars may be 
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that famous queſtion, whether, in order to 


ew wor ry; ob 


* 


hands and feet, may have a ſound and perfect 
offspring. Hence, alſo, we may determine 


produce a complete iſſue, a ſeminal particle 


drawn from every member of the body de 
reaſon 


abſolutely neceflary. Moreover, the 


is evident, how Levi, being yet in his father's © 


loins,” paid tythes long before he was born': 


for he was in his father's loins; when Mel- 


chiſedeck met Abraham. Laſtly, even ori- 
ginal fin (in the opinion of a very learned 
man, to whom we have occaſionally commu- 
nicated the myſteries of our experiments) may 
ftand on this principle as on a foundation, 


fince all mankin 

parents. But, fince 
others claim the right of explaining ſuch myſ- 
teries, we ſhall enter no further into this mat- 
ter, but come to another error of Goedaert, 
intending to diſcuſs -the reſt, when we have 
occaſion to examine any more of his I 
ments ; for it is not our intention to bui 
another's foundation. 

A further error of Goedaert appears in the 
-77th experiment of the firſt part, in the words 
following : * What is more particularly wor- 
6 of our notice in theſe inſets is, that 
<« wherever the legs are ſituated in the Cater- 
<« pillar, there is placed the back of the ani- 
% malcule that is to ariſe by tranſmutation : 
<« and on the contrary, where the back of the 


Caterpillar was, there, are the legs in the 
e animalcule to bo produced from thence. 


This metamorphoſis, adds he, (which ren- 

e ders him the more blameable) is 
«« formed in a ſhort ſpace of time, ſo that it 
may be diſtinctly ſeen ; becauſe immediately 
<« after ſhedding its ſkin, this change appears 
eto the eye.” From hence may ariſe a pro- 
per- rtunity of explaining accurately and 
carefully the true mutation of the Cater- 
pillar into the Chryſalis; but as this matter is 
(as far as hitherto is neceſſary to be explained 

very evident, from what we have on { 
e, occaſions ſaid - thereon, we ſhall 
ere pals it over in ſilence; and the rather, 
e we have determined to treat this mat- 


bec 
| = rofeſſedly in the following ſheets ; for we 


ſhew from reaſon, and illuſtrate by figures, 
after what manner, and in what place, wer 
limb of the Nymph and Batterfly are di 


poſed and arranged, which we have before 


actually laid before the eye, in the preſente of 
Magalloti and Thevenot, by ſhewing all the 


limbs of the Butterfly in the Caterpillar, There- 
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is plain from that very elaborate treatiſe-of the 
generation of theſe inſets, "nap _m 2 
eis Redus, princi yſician to duke 
e 1 5825 MET ths your 
1668 ; wherein he has proved, by the ſtrongeſt 
arguments, that no inſects are 8 by 
putrefaction. This doctrine we ſhalF not only 


willingly grant this eminent 1 7 but fur- 
ther we ſcruple not to aſſert, that putrefaction 
is, in a great meaſure, produced by thoſe very 
inſets which are ſuppoſed to ariſe from it: 
but of this matter more at large hereafter, 

In order to ſhew the origin 
lings on the back of the Caterpil 


ry £ s 1 
ſheath ; after which, the finer. part of 
hairs appear like ſo many linen threads 
the Chryſalis. But ſince this Ca 
Goedaert's is covered with hairs whi 
more like briſtles than linen thread, it 
lows, thoſe hairs and the reſt of the 
ing hed their ſkin, form in the 
figure before mentioned, and appeared as 
legs were tranſpoſed. This is: what led 
daert into another error; i he had kno 
theſe ſeveral particulars, he might have 
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It is not only very certain that the change of 

the Caterpillar into 4 Chryſalis may be per- 

ceived by the eye, but our experiments proceed 
| | 3 
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ſo far, that, by following nature, we ate able 
to produce the Chryſalis from the Caterpillar 
tate. | Nay, it is in our power to keep back 
this tranſmutation Loopy e 

ree we think proper, though it happens 

. and ſuddenly, and therefore, undoubted 
credit ought to be given to the ſeveral matters 
we publiſh here concernipg this change. Hence 
it is, that we can now exhibit to public view 
many Chryſallides, reduced to almoſt one half; 
this, among ſeveral other myſteries - of nature, 


we have ſhewn before his ſerene highneſs Coſj- 


mus the third, grand duke of Tuſcany, when 
he, by a ſpecial mark of diſtinction, was gra- 
cioufly pleaſed to vifit us, and to approve of 

our experiments. | 
„But to have done with the errors of Goe- 

daert, which we have bitherto been ſetting 
right, we ſhall lay down the following as un- 
doubted traths. Firſt, that the legs of the 
Caterpillar, or Worm, are never tranſpoſed to 
the back, Secondly, that the Caterpillar is not 
changed into another animal, though, in proceſs 
of time, the legs themſelves grow in the fame 


* 


Of the four orders 


manierꝭ as the wings of a young bird, or feet of a 
Tadpole. Thirdly, that no natural transformation 
happens in inſects; but that this v 

change, (in finding out the nature whereof, 
authors have committed ſo many errors, and 


— as it were, blind fold, like the com- 
tants of old) conſiſts only in this, that the 


limbs of the Caterpillar, or Worm, by an ac- 


cretion of the parts, grow inſenſibly under its 
skin; and when the latter is ſhed, the former 
plainly and diſtinctly to the fight, but 


ey cannot be moved at firſt by the little ani- 
mal; the reaſon of which is, becauſe they are 
fluid like water, and cannot acquire ſufficient 
— unleſs they evaporate it for ſome days 

-— * 

But this does not hold in all Worms, ſince 
there are many which loſe no of their 
motion. To render this matter the more clear, 
we ſhalt now proceed to the third propoſition, 
deſiring the reader to conſider it attentively, as 
it is a matter of the greateſt importance, and of 


very great extent. 


CK a . 
of natural changes, 1 which we refer nearly all the ſpecies 


. of inſets, as having | the ſame ale principle of change. 


AVING hitherto, from the nature of 
things, examined and drawn, as it were, 
a juſt and elegant picture of the true origin 


of theſe appearances, or, as they may be called, 
ſodden buddings and ings into limbs in 
inſets, and by that means, ſhewn how this 


ſubject hath been difgraced and obſcured by 
chimerical notions, and the idle traditions con- 
cerning theſe changes ; having likewiſe cleared 
the ſubject from the impurities wherein it was 
involved, by eftabliſhing it on a ſtrong and 
firm foundation, which cannot be ſhaken by 
any force; and in our opinion, can no more be 
ſet aſide in favour of fortuitous chance, than a 
Lamb can be generated by a Wolf, or an Eagle 
by a Dove, we ſhall now proceed to the po- 


ſitions themſelves, or to the ſeveral orders of 


theſe changes; whereby, as with the genuine 
tin& of nature, we ſhall endeavour to illuſtrate 
the picture before us, and reſtore the amazing 
and wonderful nces of inſects to their 
true ſplendor and native beauty. Thus ſhall 
we more clearly be ſenfible of, and, with greater 
devotion and more humble reverence, meditate 
on the omni wiſdom and ſuperlative 
goodneſs of God in the accretion, f ie 
and of the minuteſt animalcules, which 
form a ial hoſt as the angels. | 

If we diligently attend to this true baſis of 
all the changes of inſects, that is the Nymph, 
it will be eaſy to comprehend the reafon why 
all the you, tho' ſo many in number, toge- 
ther with their changes, agree and terminate in 
this one particular ; wherefore it ſeems ſuper- 


fluous to dwell longer on the explanation of 


them; If again we more ſeriouſly conſider 
after what various ways this Nymph hides 
itſelf under the manifold forms of thoſe in- 
ſets, fo as to elude the ſharpeſt eye; it will 
become to view this Nymph in every 
light, under all its accidental appearances. And 
herein we ſhall not follow as a guide the de- 
lufive traces of our own n or admit 
the inventions of fancy, but purſue only the 
various and natural phænomena of the Nymph. 
There are four orders which comprehend the 
whole claſs of inſects, ſo that we cannot ſee 
one, which may not be referred to one or other 
of them, eſpecially if we can ſee its change. 

The firſt order will comprehend thoſe in- 
ſes, which, with all their limbs and parts, 
proceed inſtantly ont of the egg, and grow in- 
ſenſibly, until they attain a proper fize ; after 
which they are changed into the Nymph, 
which undergoes no other change but that of 
its skin. | 

Of the ſecond order are thoſe hatched with 
fix legs, and which, when the wings are gra- 
dually perfected, are alſo changed into Nymphs. 

The third order is, when the Worm or Ca- 
terpillar comes forth from the egg either with- 
out any legs, or with ſix or more, and its limbs 
afterwards grow under the skin, in a manner 
imperceptible to our fight, until at length it caſts 
that skin and reſembles the Nymph, or Chry- 
ſalis. | 

The fourth order is, when the Worm like- 


wiſe proceed from the egg, either without 


4 | any, 
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| any, or with fix, or mort legs, and in an 
inviſible manner grows 
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in its" limbs and the Nymph under theſe four different orders; 


under the 'skin, and does not ſhed this and at the fame time ſhall lay it before the 


Lis, but acquires the form of a Nymph un- 
det. it., e by, 2 


— 


Having laid down theſe general propoſitions, 
b. FIRST ORDER. 


g particular examples, illuſtrating every 


iption ; but in the firſt place, I ſhall enu- 
merate the inſets which belong to each order. 


| © Of the natural changes, or flow accretion, of the limbs, 


AS on the one hand it appears, from 
the niceſt experiments, that all inſets 
proceed from an egg, that is laid by an 
inſet of the fame ſpecies, with whatever 
warmth ſome philoſophers have maintained the 
contrary; ſo on the other it muſt be obſerved, 
that ſome inſects iſſue therefrom inſtantaneouſly, 
and, as it is ſaid, perfect in all their „ as 
almoſt all the kinds of Spiders, and many more. 
Others, on the contrary, undergo ſome changes 
before their parts are finiſhed, which is the 
property of a great number of Worms and 
Caterpillars ; for when theſe inſects aſſume the 
form of a Nymph or Chryſalis, under this 

ſhape they ſuffer another change, or rather, 
the ſame evaporation of the ſuperfluous moi- 
ſure which the animalcule ſuffers in the egg 
when it iſſues from thence, or which they 


- themſelves have alſo ſuffered in their egg, be- 


fore they underwent this change, 

Hence it is, that as ſome inſets come from 
the egg perfect in all their parts, Tab. I. fig, 11. 4. 
ſo, on the contrary, others are forced from 
thence imperfect as it were in their ſeveral 
limbs. But as the former often change their 
skin, though. they be not afterwards trans- 
formed into Nymphs, which are diſcoverable 
by certain new limbs, before they grow ma- 
ture, and are rendered fit for generation, ſo the 
latter ſometimes caſt their skins, and when they 
throw off the laſt, under which they acquire 
the form of a Nymph, and are furniſhed with 
new limbs, Tab. XVI. they likewiſe attain to 
maturity ; after which neither the former nor 
the latter inſects caſt their skin or grow, but 
apply themſelves, with all their ſtrength, to the 
buſineſs of generation ; and then, pleaſed as it 
were with their paſt employment, they die in 
peace, unleſs it be ſo ordered by nature, that 
they are obliged to feed their young, and for 
that purpoſe muſt neceſſarily live ſomewhat 
longer. Indeed, moſt inſects are found of ſuch 
a nature, as ſcarcely to live more than four 
hours after the time of their laſt change, and 
the buſineſs of generation is over: ſo that na- 
ture ſeems to exert her utmoſt ſtrength upon 
this occaſion, and the beginning of life in one 
little animal is the end of it in another, as we 
ſee every day in the motion of the weights 
affixed to clocks, one of which deſcends whilſt 
the other aſcends. But we ſhall treat more 
fully of theſe matters in their proper place. 
_ To explain our obſervations on the 
ſomewhat more amply, and as far as may be 


egg are wrapped up, ought to have the a 


in this place, we muſt add, that we 
Bs. remarked, that the inſets which proceed 
inſtantaneouſly, or perfect, from the egg, as 
well as thoſe which iſſue from thence in the 
form of Worms, are diſpoſed and placed in 
the ſame egg as cloſe as can be, without 
any food in their power, in the ſame manner 
as the Worm and Caterpillar lie ſtill and com- 
poſed, without the food, when they have 
put on the form of a Nymph, as we have ob- 
ſerved. This will be clearer when we come to 
the fourth order of tranſmutation. 

Further, as the Worms und Caterpillars be- 
forementioned, when changed into Nymphs, 
are fluid like water, and ſwoln on account of 
their limbs being extended by a ſuperfluous 
moiſture ; and as they cannot move, although 
they live and breathe; ſo we have found, that 
our animalcules lying in their and bei 
alſo fluid like wh, are — of the leaſt 
motion. Wherefore, as the inſect formed from 
the Nymph, or rather the inſets themſelves, 
hidden under the form of Nymphs, do not 
appear, till theſe redundant humours have been 
diſſipated, and their limbs have acquired ſuf- 
ficient ſtre to burſt the outward skin; fo 
likewiſe theſe animalcules, which are protruded 
from the egg, either perfect or imperfect, do 
not part with theſe their- eggs or coverings, 
before the ſuperfluous moiſture is expelled, 
and their feeble limbs have acquired ſufficient 
ſtrength, ſo as to be able to break through the 
outmoſt skin, wherein they are involved ' as in 
a ſhell, and to quit it, as as it is burſt or 
perforated. 

If we attentively conſider what has been 
hitherto advanced, which is indeed of great 
moment, and productive of many uſeful con- 


cluſions, we be inclined to determine, 
that thoſe eggs, wherein the animalcules lie 


ſtill without food, in the figure of N A 
and which, for that reaſon, often aan 
form of the animalcules that are to from 
them, ought not, properly - ſpeaking, to be 
called eggs, but Wat 1g in the form of eggs, 
or oviform Nymphs. The former inſet, r 
this reaſon, though yet in the egg, may not 
be improperly called a Nymph-animal oviform, 


or in the appearance of an egg; as the latter 
may be denominated an oviform Nymph-ver- 


micle, or Worm-Nymph. Nay, egg, as 
it is called, or rather, * coat e | 
ppellation 
of their skin, rather than that of the ſhell or 

egg, 


% 


* 
* So 
* * 


The HISTORY of INSEC-T'S. 19 
| whack they are to be generated or with the accretion bf the limbs in ſanguiferous 
— but we bave already touched upon animals, but alſo with that epigeneſis, or ſuper- 
theſe obſervations concerning the skin in the addition, obſervable in plants or vegetables; this 


foregoing when we treated of the 


Ne Cheyfallides caſting their kin. 


As our intention is to offer ſome rules and - the like application. 


orders of tranſmutation, which comprehend 
all the changes that happen in the inſets known 
to us; we ſhall fix our eyes firſt on the changes 
of thoſe inſets, which iſſue inſtantaneouſly, as 
it is ſaid, out of the egg, and which have 
already gone through the whole of 
their change, or accretion of their limbs in their 
mother's womb ; that is, when by the conti- 
nual increaſe of K et 2 
„ as are called, ave me 
perfect ob. in the egg, they have under- 
gone no other change out of it, except only 
the evaporation before mentioned; nor are they 
to be s ſubject to any other change or 
accretion_into a Nymph, which is alſo per- 
formed only by evaporation. . 
This 2 offer as the firſt, ſimpleſt, and 


plaineſt method of change in inſects, and from 


this we ſhall proceed by degrees to ſuch as are 
more obſcure, complete, and difficult of com- 
prehenſion, mentioning ſome ſo intricate, that, 
it ſeems to many, they cannot be explained at 
all. This notion hath been ſo eſtabliſhed by 
cuſtom, that for want of a more proper term, 
the bodies have been called eggs; ſince to a 


perſon, who views them lightly and ſuperfici- | 


ally, not even the leaſt veſtige of any diſtinct 
limb appears in them. YI 
The firſt order of change then, according to 
our ſyſtem, is, when the inſect, lying in the 
egg or {kin without food, after ſome days eva- 
poration and diflipation of the ſuperfluous 
moiſture, . creeps out of it, perfect in all its 
parts, ſo that afterwards it is not changed into 
a Nymph, nor undergoes any other remarkable 
mutation. But ſince this inſect, before it hath 
arrived to its full bigneſs and proper growth, by 
means of the food that is given it, is ſometimes 
obliged to caſt its skin, like the Worms or Ca- 
terpillars that are changed into Nymphs ; and 
fince, under the laſt change of the skin, its 
limbs alſo undergo ſome tranſmutation; it is 
therefore the inſect ought to be conſidered as a 
real Nymph, at the time it is in its laſt skin; 


for when this is caſt, it is obſerved to be fit for 


eneration, and to have come to its 
Il vigour, and not before. | 
Since therefore ſome inſets are changed 
after they have caſt the laſt skin, which may 
be exemplified in the long-legg'd Spider de- 
ſcribed by Goedaert; we ſhall, for this reaſon, 
conſider this inſect as a kind of Nymph, and 
for diſtinction fake call it a Nymph-animal. 
Not that we would have any perſon tied down 
to make uſe of the terms we have offered, 


maturity and 


being fatisfied, if the orders of theſe changes be 


as diligently, accurately and diſtinctly obſerved 
as they are in nature, for in this lies the prin- 
cipal and only aq” rind : 

If we further ſeriouſly attend to this change, 
we ſhall plainly ſee, that it not only. agrees 


therefore we” would have underſtood: of the 
orders of changes, and hall accordingly. make 


To give ſome inſtances of what happens in 
ſanguiferous animals, none ſeems more proper 

for that purpoſe, than the accretion of the 
limbs in a Frog, Tab. XL VI. a. for as the young 

Frog is very viſible, by means of the black 
ſpot which we ſee in the egg, ſo we find that 

is is nothing but the very animal, in the ſame 

manner as we have ſhewn in inſects: But as 

the inſects are not produced with their food, fo 

no other difference can be diſcovered in this 

caſe, than that the young Frog iflues forth 
with its proper aliment ; and it is alſo found to 

be wrapt up in a certain membrane like - the 

inſect, though it ſtill feeds for five days with- 

in It. 

Further, as the Frog; immediately after the 
burſting of this membrane, finds matter to 
feed upon, for it lies in the midſt of it, fo 
likewiſe are the inſe&s readily ſupplied with 
nouriſhment, when their eggs are broken; ſince 
ſome of them are placed within, and the reſt 
without, and upon the ſubſtance on which they 
are to feed. 80 

To purſue the analogy, as the Frog pro- 
ceeds from its egg without legs; ſo we ſee a 
great many inſects creep out of their skins 
without them. And as the legs and the reſt 
of. the Frogs limbs. increaſe in proceſs of time, 
ſome within, and others without the skin, fo 
that at length it reſembles a Nymph of the 
ſecond order, in the ſame manner we ſee, that 
all the limbs of inſects, as well thoſe that are 
in, as thoſe that are out of the skin, grow 
b degrees, until they are changed into real 

ymphs. , 

_. Laſtly, as the Mypage of the Frog before- 
mentioned caſts its skin in proceſs of time, 
and. expoſes to open view its hidden limbs, 
which we ſaw through the skin before, and by 
degrees attains its full maturity and ability for 
8 : ſo, after the ſame mnnner, we ob- 
erve, that the Nymphs of inſects after ſome 
time caſt their skins, and ſhew their covered 
limbs, and, like the frogs, are rendered capa- 
ble of propagating their ſpecies. 

. But we ſhall treat this matter more at large 
in the following ſheets, when we lay before i x 
reader our own moſt remarkable experiments 
on Frogs; the principal part whereof has been 
performed before the grand duke of Tuſcany, 
the ſublimity of whoſe noble and accompliſhed 
mind, 1s. inſpired with a generous and benevo- 
lent affection for the liberal arts and ſciences. 
Let us now conſider the vegetable kinds, 
Tab. XLVI. 9. for as we ſee tet grow from a 
ſeed, which infolds ſome leaves, or a very ten- 
der ſprout; in like manner, we find that in- 
ſes ripen into a fuller and ſtronger habit from 
their ſeed, which contains all their limbs, or 
rather the animal itſelf wrapt up in the skin. 


For 


time to maturity, amd ſwell 


wherein the flower lies, as the inſe& does in 
the Nymph: fo likewiſe we" obſerve, that in- 
ſes inſenſibly to a more perfect matu- 
rity, and by ſlow degrees ſpring in their cover- 
ing, or d. 


covering: this we ſhall hereafter demonſtrate in 
lower, Tab. XLVI. 6. © 

Laſtly, as flowers at break out from 
their husks, and become capable of producing 
new ones by generation and running up into 
ſeed; in like manner 'inſe&s proceed from their 
Nymph, as flower from the husk, and are 
allo rendered fit for generation and repoſiting 
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in plants, by the union of their ſeed. with 
— Inn, WIE 
form the act o ration, * f f 

of the fruitful, Lr :nvidble parti- 
cles of the male's ſperm, witk the conſpicuous, 
vivifick, and ſenfitive ſeed in the female. This 
ſeed of the female continues and perfects the 
life, motion and ſenſe which it enjoys, when 
the ſpermatic virtue of the male is thrown into 
it; and it is in this continuance of motion that 
the fruitful conception of the ſeed is properly 
faid to confiſt : but we ſhall hereafter explain 
this _—_ by particular exam- 


A catalogue of the inſef?s which are referred to in the firf order of natural 
9 * changes, called the Mympb- animal. 1 


HAVING explained our firſt and moſt 
ſimple order of changes, in which we 
have conſidered the animalcule, which comes 

rfe&t from the egg, as a real Nymph when 
it is about to caſt its laſt ſkin; it now remains, 
that we ſhould give a catalogue of inſects which 
belong to this order: and upon this occaſion 
we ſhall briefly enumerate ſuch of them as we 
have in _ cuſtody, 5 we ſhall 9— _ with 
regard to the Nymphs, Chryſallides, di- 
tint ſpecimens "of yak four orders, 
with ſeveral other things not unworthy the 
ſpeculation of the curious, which we preſerve 
in our cabinet, and by the aſſiſtance of which 
we are able to demonſtrate to the eye e 
thing hitherto, and that ſhall hereafter 2 
vanced. | 

To the firſt order of tranſmutations belongs 
the Spider *, which proceeds immediately from 
its egg, and has no vermicular ſtate ; this has 
been alſo obſerved by the moſt accurate Martin 
Liſter, who in his elaborate treatiſe on Spi- 
ders ſays, © Theſe are hatched from the eggs, 
<« perfect and complete in all their parts.” 
Chap. II. Of the generation of Spiders, 

I keep, for this purpoſe, the largeſt of all 
Spiders, that is, the venemous, Brafilian kind, 
which has crooked, black, very ſharp and big 
claws, or rather darts, and alſo has two arms, 
which are in all reſpects like ſhanks or legs. 

TI alfo have the great downy Phalangium, or 
Tarantula, 

Alſo a very remarkable Spider which Dr. 
Padbrugge ſent me from the Cape of Good 
Hope. It is of the colour of ſcarlet yelvet, 
and covered thick with a fine down, in which 
is the colour, It is as big as a grain of a ſmall 
French bean, with an oblong body, and broad 
breaſt ; it has ſhort legs, except the two fore- 
moſt pair, which are very long ; the ſecond pair 


Spiders, which, in colour and 


are ſomewhat ſhorter ; the third is very ſhort; 
but the fourth or laſt is ſomewhat longer, and 
all of them are covered thick with red hair. 
The breaft is ſo cloſely united to the belly, that 
they cannot be ſeparated from one another ; 
therefore this Spider is in that reſpect like a 
Lobfter ; it has two ſhort arms, and two ruddy 


1 ſtings or darts, but its can't 
be feen on account of the thickneſs of the 
hair 


I have alſo the American ſpecies of Spiders, 
which has rough, thick, and very long legs in 
compariſon of the body; the belly is fomewhat 
fwelled and briftly, its darts are very much bent 
and crooked like claws, but the arms are ſhort 
in comparifon of the legs, being not above a 
third part of the length of the fore pair, Tt 
has eight eyes, which are neatly ranged in 
two rows; its breaft is like an oval ſhield ; it 
turns the eyes to the extreme parts, and bends 
itſelf a little on the infide, behind the joint of 
each leg or ſhank, in the ſame manner as the 
ſkin finks between the ribs in lean and thin 


people ; but this is common to a great many 


Spiders big and little. 

I have alſo one of the Holland ſpinning 
figure, reſembles 
Mouffet's largeſt ſpinner, but it is not half fo 
large, I have obſerved in this ſpecies, that 


each of its eight legs confiſts of ſeven joints ; 


thus the firſt joint at the breaſt is very ſhort ; 
the ſecond is much ſhorter and formed like a 
ball ; the third is the longeſt of all ; and it is 
for the fake of this only, that the other joint 
ſeems to have been made, that this third joint 
may be moved with the greater caſe and expe- 
dition ; the fourth is fomewhat bent, and by 
degrees grows thicker ; the fifth is the longeſt 
except the third; the fixth and ſeventh decreaſe 
in proportion, whereof the latter is provided 


The generical characters of the Spider kind, as eſtabliſhed by Linnzus, are, that they have eight” 1 35 aud the ſame 


number of eyes, 2 on the back part 
of this genus; an 


of the thorax. The common houſe Spider, the water Spider, Tarantula, and others, are 
theſe diſtinctive marks exclude ſome inſects, called by others by the ſame name, placing them under other 


heads. The long-legged Spider having but two eyes, is properly an Acarus. 


with 
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with two large, crooked, black claws, accom- 
panied by & 6b of a ſmaller fize*. The ani- 
mal makes uſe of all theſe to run down the 
web, and to guide and govern it. 3 
I cannot ine, whether the Engliſh 
Spiders have the fame properties, as Liſter 
fays poſitively, © All Spiders have three joints 
«in their legs.” But fince this gentleman 
thinks that all Spiders have two antenne, or 
horns, which are inferted in the head next to, 
and above the darts, I ſhould not agree with him 
in this aſſertion; for though I have never ſeen 
the Engliſh Spider, yet I can eafily ſee from 
other Prein inds, and their limbs, that this 
is repugnant to the nature of Spiders. In order 
to ſolye this difficulty, 1 ſhall briefly relate 
what I have obſerved, concerning this matter, 
in my Spinner. A oe the Spider be- 
fore Jeferibed, I found that thoſe two joints, 
and all the other legs, are fixed to the breaſt ; 
but with this difference, that the place of their 
connection with the breaſt is higher, on account 
of the thickneſs of the hair; and this I judged 
to have been done, leſt they ſhould impede the 
action of the limbs, wherewith the ſpicula or 
darts are united, and that theſe joints, ma 
move with more eaſe. I have alfo obſerved, 
that they conſiſt of fix, or perhaps of ſeven 
joints, which I ſhall not poſitively affirm; 
wherefore they are, for this reaſon, like legs, 
as Dr. Liſter has alſo obſerved, where he ſays, 
„ Theſe, like feet, conſiſt of certain joints. 
But what deſerves the greateſt attention, is, 
that every one of theſe a claw fixed to 
the end of x _ is 3 crooked and 
blackiſh : wherefore, may v ro 
be called the fifth pair of nt the . 
becauſe they have their muſcles on the inſide, 
as the other legs 
and prickly briſtles. However, many reaſons 
induce me to think, that they ought not to 
be reckoned among the legs, ſince in the whole 
tribe of Spiders are not ſhaped in this 
manner, but in a many they reſemble the 
claws of Lobſters and Scorpions. This is vi- 
ſible in the Flea-Spider, in which theſe limbs 
very nearly reſemble a pair of tongs or pincers, 
only that they want the great toe, as appears 


* 


by one now in my cuſtody; I am obliged to 
refer to this, as nothing remarkable or uſeful 


can be obſerved at this time, for I am writing 
this in the month of December; but I can 
demonſtrate this ſo clearly, in another ſpinning 
Spider I have, that there can be no room for 
doubting : for firſt, we may ſee two darts or 
arrows in this; then, theſe arms are formed 
with ſuch wonderful art, as not to be inferior 
to the inimitable workmanſhip which we ad- 
mire in our own hands, | 

Theſe arms are divided into different joints, 
at the end of which we ſee a ſmall concave 
and convex part, covered with hair : this re- 


There is a remarkable in the Crab, in 


have, and are rough with hair 


ing of a wounded limb at s particular joint. This has been 
at large in the Philoſophical Tranſactions. If the laſt joint of a leg be wounded, the Crab, by 


"=" » 
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ſembles, in aſpect, a piece of the white of an 
egg divided into four parts. At the end of 
this ſmall part, there is in every arm a little 
riſing fomewhat like à finger. There are alſo 
on theſe ſmall hairy parts, others worthy our 
obſervation, each of which is joined on the 
inward concave fide, to the baſis of theſe hairy 
rts, ſo as that the latter may protect, and, 
the greater ſafety, hide the former. The 
firſt of theſe parts is divided into two joints 
placed one upon the other, to the lower of 
which is joined a real but obtuſe , of 
a mixed light red and blackiſh colour, whereby 
the arms are connected together. To the other 
joint, which is fomewhat higher, is joined an 
obtuſe or blunt little claw, of a colour inclin- 
ing to a bright red. We further find, that 
another ſmall, and, as it were; blunted part, 
is articulated at the root of the firſt part, where- 
on lies the forceps; on the end of this are 
three ſmall toes or crooked claws, which are 
not placed, nor formed, in the fame manner, 
and whoſe moving muſcles are hidden in the 
ſmall blunted part. Thus it is plain, that theſe 
arms are differently framed, according to the 
different kind of the Spider. pO 
From theſe inſtances, therefore, it is clear as 
the light at noon day, that theſe limbs or mem- 
bers ought not to be called antennæ, feelers or 
horns, but real arms, and that neither Spiders 
nor Scorpions have any horns. But as the 
brachia, or arms, before deſcribed, are formed 
with amazing art, I haye therefore thought 
proper to preſerve them dried; in order to have 
them ready to ſhew on any occaſion, 

I likewiſe obſerve, that the long-footed Spi- 
der has no feelers or horns, but its arms are 
provided with, at leaft, one crooked black claw, 
that reaches beyond the end of the arm. The 
e with reſpect to the joints, are like the legs 

the ſpinner before deſcribed ; and what is 
y called the foot, ſeems to be divided 
into two ſeveral joints, that have two claws at 
the end of them, But I cannot further inyeſ- 
tigate theſe matters at this time, being now in 
the midſt of winter, and having no Spiders, but 
ſuch as are dried and preſerved ; in which, but 
eſpecially in the large venomous ones, that 
cep, it is very evident that Spiders have no 


ns or . 
I alſo have Liſter's ſmall crimſon Spider, 


but as this is alſo dried, we cannot diſcover 


the proportion of the ends of the arms, but 
we may ſee that they are ſomewhat thicker 
than the legs. 
I obſerve in the green, ſmall, and long-bel- 
lied Spider, of that illuſtrious Engliſhman, that 
theſe arms have likewiſe a plain claw at the 
end of them. The fame is obſervable in other 
Spiders which I have, nor is there any that has 
not the fore joint armed in the manner before- 
mentioned, | | 


lified 
a peculiar motion, breaks off 


the limb at a peculiar place above, and a new one grows in its place. The ſame happens in ſome ſpecies of the Spider. 
I think, 
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I think, I obſerve a very remarkable texture 
— of the Wolf Spider, which I can- 


p 

A \ * 
90 . x * gh; \ 
I * 75 


not now thoroughly inveſtigagß ee. 
As to the Spider's teeth, I do not find that 
they have been hitherto deſcribed by any au- 
thor, ſince the parts ſuppoſed to be teeth, are, 


irn reality, the creatures weapons or darts, by 


which it takes and kills little animals, after- 
wards ſucking. their blood. But to ſpeał firſt 
of the darts, it is to be obſerved, that they are 


two ctooked, kind of horny, and ſharp parts. 


like the claws. of birds of prey, and are ſitu- 
ated in Spiders immediately under the eyes : 
but they are articulated with two ſtrong, firm, 
kind of horny and muſcular ſubſtances, which 
are obſerved to be fixed under the bottom of 
the breaſt, in which the eyes are placed. I 
have ſeen clearly in my Spinning Spider, which 
is like that of Mouffet, as I before obſerved, 
that theſe firm little bones grew on the inſide, 
like certain blackiſh:eminences or juttings like 


teeth, between which the ſpicula, or darts, were 


ſecurely and fafely incloſed, as the moveable 
blade of a knife is in the groove of its 
handle. | | 
I have not, on the narroweſt inſpection, 
been able to find the leaſt opening in theſe 
darts, by which the inſe& might eject any 
venomous liquid; ſuch an opening. as we ſee 
in the teeth or ſtings of the Worm called the 
Sica, or Sicarius, or Aſſaſſin, or ſuch as it is ſaid 
are to be ſeen in the teeth of Vipers. I have 
not even been able to find any apertures 1n. the 
Hogs of the biggeſt venomous Spider called 
Phalangium, though as long as half a joint of 
the firſt finger. 8 
Neither could Jever perceive that Spiders, 
however irritated, diſcharged any virulent mat- 
ter, though I have ſpared no pains or attention 
to obſerve them, Doctor Liſter alſo ſeems to 


have made the ſame remark, and I ſhall wil- 


lingly ſubſcribe to his opinion ; till experience 
may inform me otherwiſe. 

It is very ſurpriſing, . that ſuch ſtrong and 
ſolid muſcles ſhould be contained in the horny 
ſubſtance of thoſe parts, to which the 
ſtings are faſtened, I have a method of ex- 
tracting theſe muſcles entire, in anatomizing 
the inſet ; and the ſame may be obſerved 
the muſcles ſerving to move the claws of Ch 
No doubt, theſe parts agree much with the 
internal claws or pinchers of Scorpions, who 
likewiſe carry them under their eyes; and 
was it true that Spiders, on wounding any 
animal with their darts, diſcharged a poiſonous 
liquor along them into the wound ſo made, we 
2 then ſay, that the darts of this inſect 
and that of the Scorpion were perfectly alike ; 
excepting this, that the Spiders weapons are 
placed on the fore part of its body about the 
mouth and breaſt, whereas that of the Scor- 
pion is fixed to its tail ; beſides, the Spider has 
two darts, and the Scorpion only one. But it 
is above all things worthy obſervation, that in 
the Spider with two eyes, theſe darts are joined 
and formed into real forceps, as the indefati- 
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openings; but I could fi 


gable Liſter. has obſecygd, and I. have myſelf 
diſcovered this to be the caſe in ſome long 
foated ones which I dried: ſo far therefore 


* 


theſe parts agree in make with the internal. = 


forceps of Scorpio. 
As to the true and proper teeth, I have found 
them ſituated forward on the lower part of the 


thorax, ny under the points of the | 


darts, where they ſhut one cloſe to another; in 
the / ſame manner that I have obſerved in the 
little crabs, and as may be ſeen in the Cray-Fiſh. 
They are alſo faſhioned in the ſame manner, 


but of a ſubſtance not ſo horny. On paling | 


out theſe teeth, it appears that they are uni 


with certain other little pieces; which may not 


improperly be called articulated briſtles. We 
have here therefore a ſatisfactory ſolution of 


. the phenomenon, ſo judiciouſly obleryed by doc- 
tor Liſter, viz. that there may be found in the 


excrements of Spiders, ſome particles of the 
Flies they have devoured. His words are, 
* You would imagine they only lived by ſuck- 
< ing the juices of the Flies they catch, if you 
* were to view nothing but the dead carcaſſes 
e of thoſe Flies; but if you attentively exa- 
* mine the excrements of the Spiders, you 
&« will find in them particles of their. ſkin or 
* coat.” 
ſome parts of their prey, and. ſuck, the juices 


from other parts of it, which they can eaſily and 


conveniently do, when they ſqueeze it between 
the denticular proceſs. of thoſe parts, where 
their darts are inſerted, and draw in its blood 
and. juices, 'They are able to do this the more 
eaſily, as their darts terminate oppoſite to their 
teeth ; for under the teeth there may be ob- 
ſerved a little piece like a lip, and this proceſs 
covers ſome part of them. 0 5 

As to what regards the eyes of theſe crea- 
tures, I cannot at preſent examine them to 
my ſatisfaction, the days being ſhort, and the 
weather very cold and cloudy; beſides which, 
I have but one of theſe Spiders in my cabinet, 
placed there for the ſake of obſerving, whether 
the ſevereſt froſt would not entirely ſtiffen it, 
as. is the caſe with Butterflies, and common 
Flies. But as I had doctor Liſter's work, it 
induced me to undertake the diſſecting of this 
ſingle Spider, though I had at firſt intended 
to ſay nothing of Spiders 1n particular at this 
time. I diſcovered that its two uppermoſt 
eyes were, ſomewhat bigger than the others, 
This difference is very ſtriking in the Flea-Spi- 
der, as it was evident from a drawing I for- 
merly took of this laſt inſet; in which I have 
repreſented its ten eyes. But neither can I now 
examine that kind of Spider ſo accurately as I 
could wiſh. Which way ſoever the fact may 
lie, I find the two eyes that are placed above 
the eight others, are repreſented very ſmall in 
my drawing. 

I have carefully examined alſo, whether in 
the aſperz arteriz of the Spider, there were any 
none in the thorax, 
nor any Which ran into the belly: I only diſ- 
covered in this kind of web Spider an oblong 

member, 


Spiders, therefore, actually devour 


of 
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member, like the: peningge many animals, 
ſituated in the. middle of Its belly, on the out- 


fide of its body, on a very prominent place 
near the thorax; and near this member there 
were two yellowiſh ſpots in the form of moons, 
covered with a ſofter ſkin than the other parts 

of the belly. . n 

But not to dwell too long upon theſe parts, 
the following are the principal of the others, 
which. occurred to me on examining this Spi- 
der; beſides eight eyes ſituated in the head 
and thorax, — ft e fore part under the 
eyes, the darts with their joints; behind and 
under thoſe darts in the thorax, appeared its 
mouth and teeth; then beyond theſe were 
two arms with their claws, and after theſe 
eight legs, each with ſeven joints and two 
claws at their extremities ;- add to theſe the 
belly, with its peniform member, and the 
down, and ſharp briſtly hairs, -with which the 
ſkin both of the body and legs are all over 
covered. | Fe 
IX cannot yet ſay much of the ay 
but I may affirm, that I ſaw very diſtinctly the 
muſcles of the legs, elaws and darts; I could 
likewiſe perceive that the thorax was quite full 
of muſcles, ſo as to contain any thing 
beſides the mouth, heart, and ſpinal marrow; 
but I have not obſerved theſe muſcles df the 
thorax diſtinctly enough, to be able to affirm 
any thing certain concerning them. 

The muſcular integument of the belly was 
very eaſily ſeparated Sr the inteſtines which 
it contained; and under this there appeared 
an elegant piece of net-work, like an omentum 
or cawl, conſiſting of globules delicately fixed 
to one another, and of a whitiſh purple colour. 

On opening this omentum, I thought I 
could perceive the abdomen, which was ſhap- 
ed like the tendril of the vine; then firſt ap- 
peared pretty diſtinctly the inteſtines, through 
which there ran here and there whitiſh ellas, 
which I took. for productions of the aſpera ar- 
teria. Next there came in ſight a tranſparent 
yellowiſh maſs of a globular figure, which 
might be taken for a ſtring of eggs, if the 
peniform particle or member already obſery- 
ed had not indicated the creature to be male ; 

and conſequently this ſomething elſe. * 

The little bag, in which the Spider carried 
the ſtuff for its web, like ſoft glue, was twiſted 
into many coils of an agate colour; and upon 
breaking it, the contents were eaſily drawn 
out into threads: but as I made all theſe ob- 
ſervations in haſte, and in the firſt diſſection 
of a Spider that I ever ſet myſelf about with 
attention, I neither can, or dare vouch, for the 
perfe& certainty of them all. I refer to ſome 
other opportunity a more careful ſurvey of 
this moſt curious ſubject, © 
ln the mean time, we have great reaſon to 
be concerned that doctor Liſter did not think 
proper to finiſh his excellent work with the 
anatomy of all theſe parts; which would cer- 
tainly have been a moſt valuable addition to 
ſcience. He has laboured ſtrenuouſly in the 
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other parts, every where giving proofs that he 
Met hiſtory in 8 and regular 
manner from his on obſervations. This is 
the reverſe of what the generality of modern 
writers practiſe, who do nothing but plunger 
each other, and then, like ſop's crow, 
adorned with the feathers of other birds, and 
weakly glorying in their borrowed finery, per- 
ſuade themſelves that what they have pillaged 
from others, is the offspring of their own 
brain, though they do not ſo much as under- 
ſtand it. We may the more readily excuſe 
ſuch high notions in them, when we know 
they are no more than the monſtrous produc- 
tions of a heated imagination. 

Of the Flea Spider I preſerve two kinds. 
Theſe ſeize their prey by a ſudden leap, and 
therefore nature has provided them, as well 
as other Spiders, with eight eyes, and a moſt 
acute fight: it is more difficult to judge of 
this ſight in the Spiders that make webs; for 
ſo far from taking notice of a finger put cloſe 
to their eyes, they neither expreſs any con- 
cern at it, nor attempt to run away; whereas, 
let the moſt minute animal fall into their 
nets, they immediately perceive, and lay hold 
of it. This apparent inſenſibility on the one 
hand, and readineſs of perception on the other, 
has made ſome philoſophers think the web 
Spiders had no eyes, but received information 
only concerning their prey, by the tremulous 
motion. of their web. When theſe gentlemen 
further conſider, that what look like eyes in 
Spiders, never appear when, viewed with the 
microſcope of a reticular form, as is the caſe 
in the Scorpion: they more roundly deny that 
they have any eyes. But it by no means fol- 
lows from the web Spider's never leaping upon 
its prey, or from its never running to it, un- 
leſs when taken in'its net, that it has no eyes; 
and this concluſion muſt appear yet weaker, 
on conſidering that eyes are as diſtinctly per- 
ceivable in this kind, as in the Flea Spider, 
and withal are diſpoſed in the ſame manner. 
As to the argument drawn from the parts 
which look like eyes in web Spiders, not be- 
ing formed in the reticular manner, as in other 
inſects, it is equally unſatisfactory: for what 
difference is there between its eyes being placed 
ſingly in different parts on the ſurface of the 
body, as in the Flea Spider, and their being 

thered into one net as in other inſects? be- 

des, the eyes of Spiders thus ſcattered, are 
much larger than thoſe which form the netted 
eyes in other inſects; ſo that, every thing duly 
conſidered, there is reaſon to affirm, that Spi- 
ders have a more perfect ſight than the gene- 


+ 


rality of other inſets, except the Libella or 
Dragon Fly, which appears to have very large, 


or very numerous complex eyes, ſo as to af- 
ford an opportunity of trying upon it many 
curious experiments. Thus, has nature diſ- 
played her wonders, even in thoſe little animals, 
which, at firſt ſight, appear to many beneath 
their notice ; at the ſame time that ſhe ordains 
the largeſt animals to proceed originally from 
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from which theſe minute inſects derive their 
beings: this we have already obſerved. 
But let us return to the Flea Spider, in 
which the providence of nature is very con- 
ſpicuous, having ſupplied it with a thread by 
which it may ſwing, and be ſecured from any 
ſudden fall ; if at any time it ſhould fail in the 
ſprings it makes: however, this thread becomes 
an obſtacle to its catching any, except very 
little, animals, when it has remained any time 
in the ſame place. Though this inſe& makes 
uſe of no net to catch its prey, it ſpins itſelf, like 
many other Spiders, a web to fly to, and to hide 
in, on being purſued. ' Another thing worthy 
our notice in the Flea Spider, is, that on point- 


ing your finger to it at a diſtance, it wheels 


and turns itſelf about every way you move and 
turn about the finger; and runs off, on your 
putting the finger nearer. Laſtly, as I have 


already obſerved, there are amongſt the Flea rea 


Spiders which I keep in my cabinet, ſome, 
the extremities of whoſe claws are found like 
the forceps of Scorpions, except that they are 
not jointed, but ſhut in a manner like the 
forceps of the Cray-Fiſh. 

I have beſides theſe a Hedge Spider, which, 
to hatch its eggs the better, carries them about, 
as it were, in a caſe, with wonderful ſolici- 
tude and affection ; inſomuch, that when the 
{kin forming this caſe, which hangs to the 
hinder part of its body, is by any accident 
broke off, the little inſe& ſeeks after it with 
as much earneſtneſs and induſtry, as a Hen for 
her loſt Chickens ; and when found, faſtens 
it again to its place with the greateſt marks of 
joy. A deſcription of this Spider may be 
ſeen in Harvey's Treatiſe on the Generation of 
animals, and more perfectly in doctor Liſter, 
who with great propriety calls it the Wolf 
Spider ®. 

preſerve alſo in my collection, ſome bags 
in the ſhape of eggs or pearls, in which Spi- 
ders put up their eggs, and hang them, as in 
a baſket, to the beams and floors of houſes. 
I have ſometimes obſerved ſmall Flies to come 
from theſe nets, and have by me ſome. of the 
Flies thus produced. It would demand too 
much compals, for this place, to enlarge at pre- 
ſent on this ſubje& as much as it deſerves. 

To conclude, I preſerve likewiſe that ſpe- 
cies of long-legged Spiders, which Goedaert, 
to whom the 3 world are obliged for 
the drawing of about four hundred inſects, has 
exactly deſcribed, in the forty-ninth experi- 
ment of his ſecond volume. He there, in the 
drawing of this inſect, moſt evidently demon- 
ſtrates, that it is a true Nymph at the time 
when it is about to throw off its ſkin for the 
laſt time; for its legs at this period are length- 
ened in a very remarkable and ſurpriſing man- 
ner. The accurate Liſter has 15 remarked, 
that Spiders ſometimes are not fit to enter upon 
the buſineſs of generation, till they are almoſt 
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exo years old; vg no doubt, proceeds from 
this, that nature intends they ſhould fo long 
continue growl before they part wit 


their laſt skin, and with it, the form of a 
Nymph. Before this time they are not fit for 
generation, and after they are, they never change 
their ſkin, _ 3 — 8 
We are likewiſe greatly obliged to the late 
accurate James Hoeſnagel, painter to the em- 
peror Rudolphas, who has left us the drawings 
of thirty-five Spiders, and of about three hun- 
dred other inſects of different kinds; which 
drawings, taken after the life, have been fince 


vows from -plates, with the privi- 
ege of his imperial majeſty, and are in no 


reſpect inferior to thoſe of Goedaert. 

enceſlaus Hollaar has alſo applied himſelf 
to this ſtudy, and deſerved well of the pub- 
lick, by his moſt exact drawings of the inſects 
preſerved in the Arundel Muſæum. It were 
tly to be wiſhed, that all thoſe who would 
be thought to have any extraordinary know- 
ledge of inſets, did the ſame, that by their 
joint labours this branch of natural philoſophy, 
which is by no means of the account, 
may be brought to perfection. A thorough 
acquaintance with the diſpoſitions and actions 
of theſe little animals, would enable us to form 
the better judgment of the diſpoſitions and 
manners of innumerable others. 

Before I quit the conſideration of Spiders, I 
think it will be agreeable to ſhew in what 
manner thoſe kinds which ſpin webs, or live 
upon Flies, get from one tree to another, 
which they will do; even when ſeparated by a 

ing water. It will be firſt proper to men- 
tion, that the Spider's thread is by no means 
ſingle, but almoſt always double, and ſome- 
times even ten or twelve fold. This may be 
eaſily ſeen by throwing down a Spider, and 
immediately examining the thread to which it 
hangs. Orit may be obſerved, with ſtill greater 
eaſe and certainty, by ſeparating the hinder part 
of a Spider from its fote part, and then draw- 
ing out the thread, and afterwards examining 
it, As therefore the Spider's thread is gene- 
rally made up of two or more parts, after 
deſcending by ſuch thread, it aſcends one 
only, and is thus enabled to waft itſelf from 
one height or tree to another, even acroſs run- 
ning waters; the thread it leaves looſe behind 
it, being driven about by the wind, and fo 
fixed to ſome other body. This opinion of 
Spiders making uſe of a double thread, has al- 
ready been advanced by Henricus Regius, pro- 
feſſor of medicine at Utrecht, and that emi- 
nent naturaliſt Franciſcus Redus. | 

But the accurate doctor Liſter produces 
ſome diffierent obſervations on this ſubject ; he 
ſays, that Spiders, in this caſe, ſhoot out their 
threads. His words are as follow: Some 
Spiders ſhoot out their threads in the fame 


manner that Porcupines do their quills, with 
this difference only, that whereas the quills 


* The Wolf Spider makes no web, but lives at large upon dry banks and heaths, perſuing his prey or ſcizing them by ſurpriſe ; 
| | « of 


and is very nimble and very bold. 
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« of the lattet are entirely ſeparated from their 
« bodies when thus ſhot out, the threads of the 
« former remain fixed to their anus; as the ſun's 
« rays to its body.” And in another place, 
« Spiders that are. middle-aged, or of a mode- 


« rate bigneſs, truſt themſelves to gentle winds 


by means of a thread, and thus endeavour, 
« os jt were, to aſcend into the clouds, and 
a the upper regions of the atmoſphere.” As 
to the 75 '* doctor Liſter's aſſertions, I 
cannot at preſent take upon me either to 
countenance or contradict it; I only wiſh he 
had explained himſelf more clearly ; for how 
is it poſſible that the thread of a Spider, which 
is ſo fine and flender, ſhould be ſhot out with 
force enough to divide and paſs through the 
air? Is it not rather probable that the air 
would ſtop its progreſs, and fo entangle it, and 
fit it rather to Er and obſtruct the Spi- 
der's operations? I know very well, that a 
man may drive out his urine to a conſiderable 
diſtance, in the form of a ſlender thread; but 
this urine is a liquid, which is not the caſe 
with the Spider's thread; beſides, it does not 

pear that the 85 carries all the matter of 
which it compoſes its threads, in a ſingle ca- 
vity, ſo as to be able to throw it ſo far, if it 
could do it, even in a ſolid form. Moreover, 
there ſeems requiſite for this purpoſe a great 
ſtrength of muſcles, and a conſiderable exertion 
of ſach ſtrength; whereas that part of the Spi- 
der from which its thread iflues, does not 
appear to have any muſcles: theſe are conjec- 
tures only, which time will overthrow or con- 
firm. RI 

As to doctor Liſter's laſt aſſertion, there is 
no great difficulty in comprehending it. I have 
myſelf often obſerved ſmall Spiders ſupported 
and driven about in the air, by means of a 
thread, in the fame manner with that little 

per machine called a kite, with which chil- 
dren divert themſelves. If therefore doctor 


Liſter, in ſaying that Spiders when come to 


their full growth ſhoot their thread, means 
only, that they let it fall looſe from their bo- 
dies, to be taken hold of by the wind, and 
lengthen it by a continual ſending out of the 
matter that compoſes it, there can be no objec- 
tion to his doctrine. For my part, nothing 


more as yet appears to me on this occaſion, 


than that all Spider's threads are drawn from 
the inſect's body, by its own weight or effort, 
without any compreſſion while it deſcends or 
moves forward, as the threads of the Silk- 
Worm are drawn, and by no means ejected, 
from the bags in which the matter forming 
them is lodged. Ican yet more eaſily 8 e e 
how, Spiders without giving themſelves any 
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motion, may, by only compreſſing their anue, 
ſpin out a thread, which being driven by the 
wind, may ſerve to waft them from one place 
to another. . 
The dart of the Tarantula is faid to occaſion 
a peculiar frenzy , which the ſame authors ſay 
is cured by muſick, but this ſeems an impoſi- 


tion. A oy curious gentleman lately arrived 
here from Italy, has aſſured me, that it is 


looked upon as a mere fable, even in the 
country where the creature is moſt common; 
and that none but the lower of people, 
Deggars and vagabonds, pretend, on being hurt 
by thoſe venomous creatures, to find any. relief 
from muſick. They pretend this, that by im- 
poling on the credulous, they may live with- 
out betaking themſelyes to honeſt labour. And 
thus we ſee amongſt ourſelves, the people called 
Gypſies, by ſetting: up for prophets, prey upon 
the ignorant and illiterate. | 
To finiſh what I have to fay in this place 
concerning Spiders: I am to obſerve, that 
doctor Liſter very accurately divides them into 
what he calls fowlers, viz. ſuch as take their 
game in nets, or by ſtinging it, and into hunt- 
ers with eight eyes, which he diſtinguiſhes 
from thoſe with two eyes and long legs. Doc- 
tor Hooke has favoured us with very curious 
drawings of the beſt kind, and I intend to pub- 
liſh diſſections of them on ſome ſucceeding 
occaſion ; that ſo the hiſtory of theſe inſets 
may, by our joint labour, be brought to the 
perfection it deſerves, and ſupply us with new 
motives to love and reverence God, the author 
of all the miracles we obſerve in them : this 
ſhould be the ſole end of all our endeayours and 
ſtudies. | 
I I ſhall next refer the Acarus + to the firſt 
order of mutations, as it iſſues from its egg, 
perfect in every thing but ſize, which it after- 
wards acquires by degrees. 

In the fame order too I ſhall place the com- 
mon Louſe , which has a Nit for its egg; 
but as this iſſues very ſuddenly from its egg, 
or rather, as what we call the egg is in rea- 
lity the Louſe itſelf, which only waits to be 
freed from the ſuperfluous moiſture that ſur- 


rounds it, to eſcape from its cover; it is an 


eaſy matter to conceive, how this little inſect 
can multiply fo faſt, that people ſay in ſport, but 
it is no more than a jeſt, that a Louſe may ſee 
its fourth generation in the ſpace of twenty- 
four hours F. Theſe Nits muſt be laid in a 
place that is warm, and moderately moiſt, to 
produce any thing. This is the reaſon that 
many Nits laid on the hairs in the night-time, 
are deſtroyed by the cold of the ſucceed- 
ing day, and ſo flick for ſeveral months, 


* Bonone mentions a large Spider in Sardinia, whoſe bite proves mortal in a few hours. 


+ The generical characters of the Acarus, are, that it has eight 


legs, and in each leg eight joints, and has only two eyes. 


According to this diſtinction, eſtabliſhed by Linnzus, and now adopted by all naturaliſts, the long-legged Spider, and many 
of the creatures infeſting birds and beaſts, and commonly called Lice and Fleas, are truly Acari. | 

+ The generical characters of the Louſe, according to the Linnzan ſyſtem are theſe : it has fix legs, contrived for walking, 

not for leaping as in the Flea ;*the eyes are two, and they are of a ſimple ſtruẽture; and the body is divided by indentings into 


ſeveral lobes. 


$ Lewenhoeck, who put a male and female Louſe under a ſtocking which he wore night and day to fayour their breeding, 


found that the female lays from fifty to a hundred eggs; and computing the natural increaſe from what he had ſeen, ſays, that 
in eight weeks, one Louſe may ſee five thouſand of its deſcendants. ay | 


till 


| till they at laſt come to loſe even their exter- 
nal form. et gd ; Re 


In examining a Lopſe by the. microſcope, its 


white veins and other internal parts appear, 


as likewiſe a moſt wonderful motion in its in- 
teſtines, on account of the nite pipe” of the 
internal parts. of this inſet. . the Louſe 
feeds, the blood is ſeen to ruſh like a torrent 
into the ſtomach, and its greedineſs is ſo great, 
that the excrements contained in the inteſtines, 
are ejected at the ſame time, to make room 
for this new ſupply. But I ſhall treat of 
theſe inſets in particular, as ſoon as I ſhall 
have finiſhed. what I propoſe ſaying in general 
of theſe that belong to the firſt order. 
What I have already mentioned is but- by 


way of parentheſis, that my countrymen might 


know ſomething of the ſtupendous actions and 
conſtructions of ſo ſmall an animal, and be 
thereby incited to praiſe the author of nature, 
who has here placed in one point of view ſo 
many and ſo greit wonders. The great uſeful- 
neſs of the microſcope will alſo appear from 
the preceding obſervations, fince, by diſcover- 
ing to us the muſcles, veſſels, and internal parts 
of ſo ſmall an inſet, it acquainty us with the 
incomprehenſible perfections of that great 
being, who could not only create, but im- 

t life and motion to ſo minute organs. There 
is another advantage alſo in microſcopes, viz. 
that in tranſparent animals, they give us a much 
more perfect knowledge of the motion of their 
inteſtines, than any we can obtain in. other 
creatures by diſſecting them. This benefit of 
the microſcope has been already taken notice 
of by the illuſtrious Hooke, in his Microgra- 
phia, or collection of obſervations made with 
microſcopes, a work lately publiſhed in Eng- 


| liſh, and dedicated to his Britannick majeſty. 


I have reaſon to believe, but for want of 
ſufficient experiments I dare not as yet affirm, 
that the Lice of other ſanguiferous animals, and 
the Lice of inſets, with thoſe that live upon 
plants, or ramble about the fields, belong to 
the laſt mentioned order or claſs *. Mean 
time it will appear evident, in treating of the 
fourth claſs, that there are ſome tree Lice, deſ- 
cribed by me under the title of animalcules, 
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which belong to the ſecond order. 


of ſummer, iflued from an 


found in the excreſcences of the black poplar, 
Neither can I affirm, that the Tick, or Ri- 
cinus of Aldrovandus, though placed by me 
in this claſs, does really belong to it; though 
I have in my collection a good ſpecimen of 
this inſect. 85 1 
1 lkewiſe refer the Bug which lies in bed- 
ſteads and furniture to this firſt claſs; as alſo 
the Crab-Louſe, though I have not as yet 
made experiments ſufficient to determine per- 
fectly the nature of this laſt inſect. | 
1 have alſo in my collection the Louſe of 
the Whale, which is almoſt an inch long, and 
half an inch broad, of a very ſingular form, 
and all over covered with a ſhell. 
After theſe, I rank the Flea in the firſt 
claſs. This inſect alſo ſprings from a Nit, in the 
which it elegantly changes to a red colour, 
like other inſets in the Nymph ſtate ; the 
changes it und while as yet in the 
ſtate of the Nit, and the manner in which 
it from white becomes black, are eaſily diſcern- 
able by the help of the microſcope : nor are 
theſe obſervations of little uſe or importance, 
as I ſhall hereafter prove at a proper ſeaſon.. 
I have been told that Doctor Lewenhoeck 
obſerved a Flea at Delft, which, about the end 
in form of a 
Worm, and then ſhut itſelf up in a cafe till 
the enſuing month of March; but I ſhall not 
as yet affirm the certainty of this obſervation ; 
neither ſhall I determine whether the Flea wore 


in its caſe the figure of a Chryſalis, or a 


'Nymph ; if it did, the inſect muſt belong to 


the third, and by no means to the firſt order. 
I ſhall uſe the firſt © nity of exactly ob- 
ſerving this inſect, ſo as to know the certainty 
of what has been advanced concerning it, as 
ſuch enquiry cannot be attended with any great 
trouble F. | | 

I likewiſe place in this firſt claſs an inſect 
which is generally found in ciſterns where 
rain water is kept, and which Goedaert has 
deſcribed by the name of the Water-Louſe, as 
may be ſeen in the third volume, letter X. But 
as the ſtructure and diſpoſitions of this little 
animal differ greatly from thoſe of the com- 


* Redi, who very accurately examined this ſubject, found Lice upon the Lion and the Tiger. He calls all thoſe on quadru- 
pedes by this name; and thoſe on birds, Fleas ; but he is in this miſtaken, the diſtinctive characters are to be found in the ſtruc- 
ture of the parts, not on the creatures whereon wa feed. The ſame author obſerves, that the Lice bear no proportion to the 
bigneſs of the creature on which they live, the Starling having a Louſe as large as that of the Swan. | . 

+ The common Fly is ſubje& to a particular inſect which lives upon his head ; this is ſo minute that few have obſerved it; 
its ſize is calcylated by La Hire of the French academy, to be not more than a four thouſandth part of that of the head of 


the Fly. This is of the Acarus kind, having eight legs. 


The Crab-Louſe upon the human body is of the ſame genus with the common one of the head, but a different ſpecies, Is 
is deſtroyed by mixtures with water, in which crude mercury is boiled. 
Even the Snail is ſubje& to be infeſted with a kind of Louſe, but in a very ſingular manner; for this creature,, which has 
eight legs, and is of the Acarus kind, lives equally on the ſurface of the body, and within the inteſtines, running in and out 
at its pleaſure, It is uſually ſeen alive in the inteſtines, when they are examined by the microſcope. | 
1 The common Flea is an extremely ſingular inſect, there being no other ſpecies properly of its kind: the generical cha- 


racters are theſe ; it has fix legs formed for leaping, the eyes are only two, the 
ed. Only the Flea of the human 
the inſets which have received this name from inaccurate obſervations, belong to 


wards, and the belly is roundiſh and compre 
Pulex Sturni is an Acarus, and the reſt 
other genera, | 


an which ſerves for a mouth is bent down- 
y has theſe characters; what is called the 


$ Though the Flea is peculiar in the human kind, it is not ſo with the Louſe. Multitudes of animals, birds and beaſts, are in- 


feſted with Lice, and though of different f 


pecies upon moſt kinds, they all have the characters here deſcribed, and are pro- 
perly of the Pediculus or Louſe kind. Inſects have alſo leſſer inſects living upon them, > 


cularly the Beetle ; but though theſe 


are called Lice, from their living on other animals, they are not of that kind. The 1 of the Beetle, as it is commonly 


called, has eight legs, whereas 


4 


proper Louſe has but fix : this creature is properly an Acarus, and fo of the other. 


5 mon 


| The HIS PORY AH INSECTS, 


| nion Louſe; though it be at the ſame. time 
equally fingular and remarkable, -I haye given 
_ drawings of it, both of its natural fize, and 


the microſcope re ts it, in the ſpecial 
5 on inſects of this firſt claſs, under the 


name of the water arboreſcent Flea . Theſe 
drawings are exhibited in Tab. XXXI, and 
a complete deſcription. of the inſect immedi- 
ately follows that of the Louſe. | 
I now to 
which is found of all fizesÞ, and may, partly 
for that reaſon, and partly for others, be ranked 
in this firſt claſs. I have in my collection three 
kinds of this W 2 firſt ps the common 
ground Aſellus; econd has great, black, 
inent eyes, a diſtinct head, and a thorax 
like a hood ; the third kind is very remark- 
able for folding itſelf into a ball when handled, 
and remaining for ſome time in that poſture. 
I likewiſe preſerve ſeveral skins thrown off 
by Aſelli, ſloughs or dead skins, which ſtill exhi- 
bit the exact figure of the inſect. Theſe floughs 
produce a great fermentation, when mixed 
with acids; whence we may juſtly infer, that 
they. contain a great deal of alcaline ſalt, and 
therefore may be of great ſervice in curing the 
dropſy, ſtone, and gravel in the kidneys. _ 
1 likewiſe have in my collection ſome ſea 
Aſelli. I give them this name, becauſe the 
are found in falt-waters. The largeſt of hab 
is one that meaſures two inches and a quarter 
in length, and one inch and a quarter in breadth; 
it confiſts of eight rings, of a firm and bon 
ſubſtance. -I have likewiſe a very ſmall Aſel- 
lus of the ſame kind, which I caught in the 
North ſea near Petten, Doctor Padbru 
ſent me from the iſland of Ternate, — 2 
ſpecies of Aſellus, under the name of the ſea 
ſe. It is almoſt half an inch long, con- 
ſiſts likewiſe of eight rings ſomewhat coloured, 
and, like the Sea 3 or Echinus, has a 
border of ſmall prickles; but theſe inſects have 
no legs. | Mw | 
I preſerve alſo ſome other kinds of ſea 
Aſelli, more curious than theſe already menti- 
oned, amongſt which there are four, whoſe 
ſhape is-like that of the Shrimp. The firſt of 
theſe, which is the biggeſt, is an inch long, 
has a ſlender. body, ſeven legs on each fide, 
like the ground Aſſellus, and large horns which 
meet in a ſharp point; the laſt ring of the 
body in this ſpecies is much longer than the 
reſt, and running out into a three-pointed ex- 
tremity. The ſecond and third kinds are much 
ſmaller, - but almoſt of the ſame ſtructure, 
The fourth differs from the three kinds already 
mentioned in this, that its fore legs are —_ 
longer than its whole body, and theſe are di- 
vided into four very diſtinct joints. It is like- 
wiſe the ſinalleſt of the four kinds, not ex- 


the Aſellus, % wood Looks. 
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_ ceeding half an inch in length, even when 
its. claws are. ſtretched, out to their. greateit 
I preſerve alſo a broad ſea Aſellus; ſent. to 
me from Iceland; it is an inch long, half un 
inch broad, and compoſed of ſeven rings, itr- 
cluding the head and tail. Its antennæ or horns 
are ſharp and ſhort, its eyes are browyn, its, ſix 
foremoſt legs are armed with ſharp and crooked 
claws, and near its tail, on both ſides, are two 
flat fins. Olaus Borrichius obſerves, that the 
whole body of this inſe& appears to be ſup- 
ported by a ſimple bone, not unlike in ſhape 
to a wal date, but of a horny or cartilaginous 
ſubſtance. I have ſome of the fame, kind but 
very ſmall, which I took in the falt-water 
river that runs by Amſterdam. I can alſo ſhew 
a ey uncommon kind of ſea Aſellus, which I 
caught near Petten; it is ſcarce an half inch long, 
of a globular but ſomewhat oblong form, re- 
ſembling a pear, with a pretty long tail, and 
ſome fins. I preſerve with theſe ſome Scro- 
hulæ, which belong to the genus of Aſelli. 
The firſt of theſe I caught on the coaſt of the 
North ſea; it is very ſmall, always runs, and 
ſometimes ſwims flantingly, and when aſhore 
leaps as the Flea does. | 
Amongſt the Scrophulz which I have taken 
in the freſh waters and rivers of Holland, is 
to be mentioned, that kind which is called 
Snel. This has a pretty way of running ſlant- 
ingly, and if we may believe the tales of fiſher- 
men, it readily kills the Perch, by running it- 
ſelf ſuddenly into the gills of that fiſn. We 
have no experience to confirm this tradition. I 
know, indeed, that this little animal is furniſhed 
with arms ſufficient for the purpoſe: being 
held in the hand, it excites a kind of tingling : 
now the gills of Perches, and indeed of all 70 
are ſo tender and delicate, that it is almoſt im- 
poſſible they ſhould not die on receiving wounds 
in that , through which all the blood of 
fiſh is circulated, in the ſame manner that the 
blood of other animals is all circulated through 
their lungs. This kind of Scrophula is found 
equally in freſh and falt waters. 
After theſe follows properly the Worms, 
which ſome have called the inteſtines of the 
earth. Theſe proceed immediately from the 
egg, and do not afterwards undergo any change, 
coming forth at their full perfection. The 
females, from their firſt hatching, have their 
little 2 which are very diſtinct and percep- 
tible. obſerye, that this genus may be 
divided into many ſpecies. 45 0 
Though it is no hard taſk to diſtinguiſh in 
ſeveral kinds of Worms and Caterpillars the 
males from the females, by carefully examin- 
ing them, but chiefly by diſſection, to ſee if 
they have any eggs within them, yet they ſel- 


* Latter diſtinctions do not permit us to give this ſingular creature the name Pudex or Flea, It is of the monoculous kind, the | 


charaQtersof which, according to Linnzus, are, that the fore feet are branched, and are found 
that the eye is fingle, but compoſed of three, and that the head has a cruſtaceous covering. 
ho, ppt to an oval form, and t 
he genus is now called Oniſcus. The plain tail diſtinguiſhes it from, 
kind ; and ſome others which approach to it in many reſpects, but by their leafy or foliated tails are referred, though 


+ The characters of the 
number of l 
the Shrimp 
ſmall, to the Crab kind. 


ellus are, that the body 
is uncertain, ten, fourteen or ſixteen. 


equal for ſwimming or for leaping ; 
tail is ſimple, and not foliated. The 


dom 
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dom copulate while in the Worm ſtate; ſo 
that Goedaert ſeems to advance a parad 


OX, 
when, in the ſeventy-fourth experiment of 
his firſt part, he repreſents as a male Worm, 


an inſe&t Which he afterwards, on its having 


undergone the uſual change, calls a female, 
in the ſeventy-fifth riment,” This is the 


ſame as if an infant, who we called a boy, 


we ſhould afterwards, on his arriving at the 
ſtate of maturity, denominate a woman. But 
I ſhall ſpeak more of this hereafter, ' In the 
mean time T muſt remark, that my reaſon for 
animadverting thus freely on the miſtakes of 


others, is, that, ſucceeding writers may take 


the ſame liberty with me, * which means 
truth will at length univerſally triumph; for 
I am well aware how much we are apt to 
be pleaſed with our own conceits, and how 
often deceived by that fondneſs, fo as to take 
them for the true repreſentations of nature. 
However, I have no great reaſon, I think, to 
dread the ſevereſt inquiry into my obſervations, 
ſo that I with pleaſure give them up to the 
examination of thoſe who ſhall think it worth 
their while to compare them with the things 


_ themſelves, which is the only method of com- 


ing to a certainty, in inveſtigating what belongs 
to the animals of which I have been treating. 
Nevertheleſs I muſt candidly own, that many 
of the particulars I have mentioned as yet, ap- 

ar ſo obſcure to me, that I can at moſt but 
conſider myſelf as a novice in this buſineſs ; 
beſides, that words are wanting often to expreſs 
the wonders which occur in the ſtudy of 
inſects. 

Scorpions * belong to this claſs of the inſect 
kind; they are produced from an egg like the 
Louſe, as will appear in the account I ſhall 
give of them in 8 after the hiſtory of 
the water arboreſcent Flea. | 

I am of opinion alſo, that the Leech + is 
to be arranged in this claſs, though I have no 
particular experiments to confirm that opinion, 
except its being found of almoſt all ſizes. It 
is very remarkable how firmly this inſe& will 
faſten itſelf to the ſides of the glaſs veſſels in 
which it is kept, ſo as not to be ſeparated from 
them without the greateſt difficulty. This, I 
apprehend, it effects Pi prefling its body cloſe 
to the glaſs, and then ſwelling it in the middle, 
ſo as to repel the water in which it ſwims. 
Thus, if we apply to a ſtone a round piece of 
leather, with a ſtring fixed to the center of it, 
and then pull this ſtring, the ſtone and leather 
unite very firmly together r. | 

I refer alſo the Scolopendra, or/Centipes, to 
this claſs, as I have met with this inſe& of all 
ſizes, and could never yet diſcover that it chang- 


we ough 


' 


The BOOK of NATURE; W 


edits form. I have got one of the largeſt kind, 
which is even a ſpan long, and was ſent me 
from the Eaſt Indies. I 3 alſo other 
kinds of this inſect, as the Lybian Scolopendra 
of Mouffet, and the water Scolopendra, and 
in fine, ſome Juli, or Gally Worms, which 
t to rank with this kind. 
Aſter theſe inſects follows the bas wi as Loa 
ceeding directly from an egg, and not being 
liable ewe to any x; oo I preſerve a 
ſort of Snail, in which, on cutting off the 


9 
5 _ * 
On 


head, is found a ſtone, called the ſnail ſtone, 


ſaid to be ſerviceable in the gravel and ſtran- 
ry. Under this ſtone we always find the 
eart, which retains a pulſation, and is, with 
the veſſels that ſpring 1 
colour. As on cutting off the Snail's head, 
this ſtone is always to be met with, it ſeems 
probable, that it ſerves for the ſame uſe as the 
Os Sterni does in other animals: it is further 


obſervable, that nature has formed Snails in 
ſuch à manner, that they void their excre- 


ments at their neck, breathe at their neck, and 
have there alſo all the 
generation. I have obſerved alſo, that every 
Snail is both male and female; in a word, a 

rfect hermaphrodite: the penis is formed 
like that of the Whale, and is of a ſurpriſin 
length. But I ſhall hereafter treat of all bels 
particulars more at large. The Engliſh au- 
thors, who publiſhed a catalogue of the plants 
that grow in the neighbourhood of Cambridge, 
have already obſerved, that Snails are herma- 
phrodites. | 

To come to a concluſion, I preſerve alſo in 
my cabinet the teeth of Snails, which are 
flexible, and of a horny ſubſtance ; as likewiſe 
the heart of a Snail with its auricles, preſerved 
in a balſam, and properly inſected. 

All the inſects hitherto mentioned iſſue di- 

rectly perfect into light, and are never changed 
into motionleſs Nymphs ; for their eggs, with- 
out any intermediate ſtate, afford young in- 
ſes exactly like the old ones, which grow to 
their due bigneſs in time, whilſt their limbs 
acquire firmnefs and ſtrength. Nor do they 


in this reſpect differ from thoſe other animals, 


which Harvey tells us proceed from a perfect 
egg, though before they attain their full growth, 
they may be obliged to change their ſkins, and 
ſome of them in their laſt change of their ſkin 
undergo ſome further changes : for this reaſon 
I have conſidered them as Nymph animals. 
Beſides, ſome of them, like mankind and 
quadrupedes, hatch their eggs within their 
bodies, and are therefore viviparous. This is 
the caſe with Scorpions, and ſome ſpecies of 


Snails. 


The generical characters of the Scorpion, as now eſtabliſhed by Linnæus, are, that it has eight legs, with claws on the fore- 
head ; eight eyes, two on the upper part of the thorax, and ſix at the fides, with a vail armed with its ſting. 
+ The Leech, like the Earth Worm, conſtitutes a particular genus of inſeQs ; the characters are few and £ wk the body is ſimple, 


and is expanded into breadth at each end : we have two kinds common in ſhallow waters, the Leech 
cylindrick kind. 


for bleeding, and the 


} Morand, in the memoirs of the academy of ſciences at Paris, has accurately deſcribed the mouth of the Leech ; it conſiſta 
of five parts, two lips, a hollow for _—_ the blood, an inſtrument to pierce the ſkin, which is compoſed of three ſharp points, 
; rubbed 


and an CEſophagus for ſwallowing the bl 


Eſop The Leech will live in oil, which is deſtructive of moſt other inſets, if only 
upon their ſkins. The Leech, when taken out of oil and put again into water, cafts a thin and very delicate fin. | 
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the change of the Guse, which is only a fim- 

ple w tation; yet, fince we ſee five dif. 

E Dragon Fly, 
beſos the e exliblt 
| and are ren- 
been, as it 
. the ſame 
in order to render the whole 
d uniform, 


, far from being what is ealled efſential, 
only oonſiſts in fome part of the external 
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tat by" 2, 3, are repreſented to the 


life, This has appeared to. me the 
method of . this affair, e oo 
reaſons; firſt order of the number 
ſhould be e increafing or * 
the figure becauſe ſome of 
ae large ee, that the s 
5 need of 4 mp to delineate them. 
To follow nature "as near as we could, 
have put the White animalcales, or 
mals of gur four claffes on. a black 
which we have not done with reſpect to che 
other coloured ones. This appeated the more 
neceſſary, as Goedaett repreſented a briſtiy Ca- 
tetpillar, the” W whereof we haye in one 
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To THE MOST 


Mr. T HE VE N GT, 


. embaſſador from the king of F R A N C E to the 


xr bi any hair at all, which - 


owing to his not ha it- 
on a black — wheels white e 


not diſcernible. 


To make the ritle If ole four claſſes the 
ſtronger, we have alſo been careful to ſelect 


] animalcules that are ſo well known, that there 
a is no necefiity to 
we And we are confident, that our figures are ſo 


illuminate them with cdlours. 


accurately executed, that it would be unpar-: 
donable to daub them with paint. We come 
now to treat of the == hich I now in- 


tend to do, com 1 
concerning it in form of a letter. ee 
SC MS. | mw iy 12 
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T H E omnipotent finger of God is 

ſented 8 in the * . — Ls gee 
the anatomy of a vulgar and loathed inſect, the 
Louſe; wherein you will indeed find muracles 
heaped on miracles, and will be amazed at the 
wiſdom of God, moſt clearly manifeſted in a 
minute point. Let the _ admire the maſ- 
terly ſtrokes of Apelles : here you will find the 
complete fabrick of the viſcera of all the ani- 
mals in the world, formed with the moſt ex- 
quiſite workmanſhip, and abridged, as it were, 
in a particle of a line in meaſure. What mor- 
tal, illuſtrious fir, can attain to this by reaſon ? 
whatother hand, but that of God, can inveſtigate 
and frame ſuch things ? The ſpirit and grace of 
God, which he beſtowed on mankind, has ren- 
dered ſome capable of ſearching into ſuch ſub- 


lime miracles and ſecrets, and to lay 3 
to the view of others, Though the Ægyptian 
could imitate the other miracles which 
performed by Moſes, they were not able 
to produce theſe animalcules by their magick 
art, as the ſacred writings „ Aaron 
« ſtretched out his hand with his rod, and 
<« {mote the duſt of the earth, and it became 
&© lice in man and in beaſt ; the mayicians did 
« ſo with their inchantments to bring forth 
& lice, but they could not; then the magicians 
« ſaid to Pharoah, this is the finger of God.” 
I cannot fo properly, illuſtrious far, offer theſe 
obſervations to any other as to you, ſince I know 
no other that ſets a due value on ſuch things, 
according to their dignity. 


The EXTERNAL PARTS. 


EFORE I exhibit the internal parts 

viſible in this ſmall and deſpiſed animal, 
I ſhall deſcribe its external parts, and ſhall ſhew 
every thing remarkable in the head, thorax and 
abdomen. 

Theſhape of the fore part of the head is ſome- 
what oblong, that of the hind part ſomewhat 
round; the ſkin is hard, and being ſtretched, is 
tranſparent like parchment, and has here and — 
briſtly hairs. At the extremity of the fore 
part is the proboſcis, or ſucker, Tab. I. fig · Iv. a. 
ſeldom viſible, ſince it is always drawn to the 
inſide; I ſhall therefore deſcribe it when I 
come to the throat and ſtomach, On each fide 
of the head are the antennæ or horns bb, which 
are alſo covered with a Ka like parchment. 


Each of theſe is divided into five joints, ele- 
gantly covered with briſtly hair, and ſeveral 
white veſſels are ſeen through theſe horns. Be- 
hind theſe are the eyes cc, which ſeem to want 
thoſe hexagonal diviſions obſervable in other 
inſets, and they appear to be incompaſſed with 
ſome few hairs. 

The neck is very ſhort, the breaſt is divided, 
as it were, into three parts; in the middle of 
which, on the back fide, appears, as it were, a 
ſmall ſhield. On each fide are placed ſix legs dd, 
each of which conſiſts of fix joints, ſome larger 
than others: they are very delicately adorned 
with briſtly hairs, and many whitiſh veſſels are 
ſeen — them. The ends of their legs 


are armed with a ſmaller and larger ruddy and ; 


* Exod. viii. 17, 18. 


pellucid 


RTE 
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pellucid cliwd-26; Hering theſe inſeQts/in_place theſe in the middle of the lower part of the 


of a finger and thumb; for by the former they 


take hold of a perſon's hair, and by the latter, 
| are able to 
Under, at; and upon the breaſt, where it is 


joined to the legs, and, as it were in the —4 


center of it, there n ſhort whiti 
groove or channel, which is conſpicuous through 
the middle of the -abdomen, appears. of a 
browniſh colour, fig. v. vi. and has very ſtrong 
motions. ''On either fide. of this groove or 
channel are two bright little parts, like the 
larger before deſcribed, whoſe appendages they 
are, and which riſe conſiderably on the inſide 
of the breaſt, and are there alſo tranſparent. 
The abdomen is divided into fix parts, and' 
at the end of it, on the under part, the body 


terminates as it were in a cloyen tail. Beſides 


- 


| | 2 x & , 
O obtain a perfect knowledge of all thoſe 
1 parts, which I have hitherto mentioned 
in general, there is no other way but to diſſect 
the creature. I ſhall therefore now give an 
exact deſcription of all the minutiæ relating to 
the internal parts ; for by this means we ſhall 
have a complete idea of the external alſo. | 
If we begin the diſſection in the u part 
of the abdomen, and cautiou ls ted 
there, blood immediately iſſues from the 
wound, and this being received into a ſmall 
glaſs tube, Tab. II. fig. 1. aa, and viewed with 
a powerful microſcope, is ſeen to conſiſt of 
tranſparent globules, as cows milk: the fame 
has been likewiſe diſcovered in the human 
blood for r er z it is png to conſiſt 
of ruddy globules ſwimming in a clear liquor. 
It is, 12 a — of doubt, — 
the blood in its veſſels has any globules, for 
when drawn from them it may eaſily acquire 
that figure; this may at leaſt be aſſerted of the 


ruddy part of the blood. I have therefore 


often reſolved to put a ſmall glaſs tube into the 
artery of a dog, and with a microſcope to view 
the flowing blood. For thus, by analogy, it 
may be poſſible to determine with ſome cer- 
tainty, whether the human blood, before it is 
taken out of its veſſels, contain any globules. 
I am the more in doubt concerning this mat- 
ter, becauſe there are veſſels diſcovered in the 
body, which appear much finer than the 
bules themſelves viſible in the blood. By this 
means alſo. may be known the true difference 
between the arterial and venal blood ; for in 
the latter only, I have hitherto obſerved theſe 
globules, having never examined the former : 
Nor ſhall I poſitively aſſert, that there are ori- 
gindlly globules in the: Louſe's blood, for they 
may be eaſily formed by the intermixture of 
the blood with the fat, and fome wounded par- 
ticles of the viſcera or bowels, which conſiſt of 
. congeries or heap as it were, of globular 
TE ONES its proper place. 
refore, more time ought to be ſpent in 


and run nimbly. 


The anatowy of the INTERNAL PARTS, _ 


with other inſects, as will hereafter plainl 


3 to be obſerved a whitiſh, ſpot 
2 "a F, | 
moves dliſtinctly up and down. On the ſides 


and extremities of the belly, which is all over 


hairy, are obſerved ſome id, ruddy, little 
bodies; and over the Whole belly, a great num- 
ber of white veſſels art viſible, fig. Iv. gg. The 
like are diſcernable in the back breaſt. 
The skin of the abdomen is made like the ends 


of our fingers, conſiſting of ſmall grooves, but 


this ſtructure does not hold through the whole, 
and not at all at the extremities of the abdo- 
men; for there, as well as in the whole body; 
it is fomewhat firm, like clear parchment, and 


when roughly preſſed, it makes a noiſe and 
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this anatomy, than I can devote to it at preſent; 
being engaged in many other ſtudies, _ T 
Tab. II. fig. 11. Immediately under the skin 
are certain muſeular fibres, which move the 
annular diviſions of the abdomen. I have ob- 
ſerved three diſtinct kinds of theſe. muſcles, 
ſome a little broader a, others narrower 3, and a 
that theſe muſcles extend themſelves from one 
annular diviſion to another, and that ſome are 
much ſhorter than others. This little animal 
is very full of muſcles, particularly at the ex- 
tremities of the abdomen ; ſince the motion is 
ſtrongeſt in that place, and the reſpiratory 
points or orifices for reſpiration are placed 
there, by the aſſiſtance of which the Louſe 
takes in the air, and by a manifeſt act of in- 
ſpiration and expiration, draws it into the body, 
and again diſcharges it. When theſe muſcles 
are drawn from the body, they ſeem as if they 
conſiſted of but one fibre, but if they are dried 
upon a thin and clear glaſs, and waſhed with 
ſpirit of wine, which takes off the impure fat 
t adheres to them, their fibres and joints 
appear diſtinctly to be made up of globules. 
Under theſe muſcles the fat and the tra- 
chez, or air veſſels, come in view; nor could I 
ever hitherto diſcover any veſtige of a heart 
in this upper part of the abdomen, as is uſual 
in other inſets, wherein the heart is always 
placed -in the upper part of the abdomen and 
back; but I found clearly by this diſſection, 
that the Louſe otherwiſe agrees in all its 


parts 
therefore I have more diligently 2 

or the heart, but in vain: this may probably 
be owing to its extreme ſmallneſs, ſince it is 
very difficult to find it in the larger inſets, as in 
the Horſe-Fly. There is alſo another impedi- 
ment, which is, the ſtrong and continual agita- 
tion of the ſtomach in this inſect, being hardly 
a moment at reſt, from which there ariſes an 
— inconvenience in inveſtigating the 
art, 75 | | 
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point, which is alſo tranſparent; and 
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of ihe Louſe, ate for the moſt part very. ſmall, 
but extremely numerous, though we may diſ- 
cover it in & larger ſpecies or Kind tif fat par- pu 
ticles  the-figure of the ſinalleſt kind of par- 


ticles is uſually 2 but that of the greater 


is more irregular. / bey ate of a clear tranſ- 5 


parent colour, like gelly, but all the other parts 
of this animal are not of that colour. 
The ramifications of the trachea, aſpera 
arteria, o windpipe, - conſtitute the prin- 
cipal part of this inſet; a very confiderable 
number of them are found in the head, breaſt, 
belly, legs; nay, and in the antennæ or horns. 
We may likewiſe obſerve, that they are con- 
nected and ſup the fat, as I have found 
in other inſects: and theſe are the white veſſels 
which are ſeen through the tranſparent body, 
as I have obſerved in the ny wi exter- 
nal parts. The reaſon that theſe pulmonary 
N ſeen tlirough the An, b, th they 
are of a ſilver colour, or light bright mother 
of pearl, and therefore afford a very agreeable 
ſight, whilſt the animal lives. They conſtantly 
keep this colour, nor will they ever fade, for 
their ſtructure is ſuch, that they remain always 


As to their compoſition, it conſiſts of a dou- poin 


ble matter; a part is compoſed of rings, which 
reſemble the cartilages of the — 3 
pipe, in man. It appears very diſti by the 
microſcope, that 1 often bend them 
ſelves round, in order to form à cavity and 
open pipe, Tab. I. fig. vir. a; but this does 
not happen ſo often as in other inſects, becauſe 
the rings of the Louſe are ſhorter : they are 
alſo more curled and twined 6, in likeneſs of a 
Serpent, and ſeem every where interrupted c, It 
may alſo be obſerved, that where the aſpera 
arteria, or wind-pipe, is divided into branches, 
there theſe rings are largeſt 4, but they are af- 
terwards inſenſibly divided into ſmaller e. The 
other part of theſe veſſels is membranaceous, 
and is ſituated in the interſtices of thoſe rings; 
and by its affiſtance the rings may conveniently 
bend and turn themſelves, as is known to 
happen, particularlyin thoſe wonderful motions 
of the ſtomach, which is ſurrounded by a 
great number of air-pipes. 

I have hitherto omitted examining whether 
theſe pulmonary, pipes within the body, likewiſe 
ſhed a little ſkin at the time the Louſe caſts 


its coat, as I have obſerved to have happened 


in the Bombyx, or Silkwortn, and in almoſt all 
other inſets. However, the ſmaller theſe pul- 


monary pipes are, the fewer rings they have, 


until at length they appear like more mem- 
branaceous threads. | 

I may venture to affirm, that the pulmonary 
pipes cannot be more conveniently viewed in 


any ſpecies of animals that I have hitherto 
known, without diſſection; fo that we cannot 


contemplate their ſituation and courſe, with 
greater admiration, in any animal than in the 
Louſe. But J have by me a very curious and fa- 
miliar apparatus, by the aſſiſtance of which, 1 
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one {gu of air orifices between the ſecond. and 
third pair of legs; however, I will not be po- 
Tab. I. fig. v1, These grißces are the 

reſpiratory points, one of which is ſituated on 
one ſide, between the firſt and ſecond * of 
legs, and fix on the extremity. of the belly, 1, 
2, 3, &c. theſe points {ſwell a little there, like 
a ſmall nipple aa, and in their circumference, 
ſeem to have a flight rim or border, which 


appears ſomewhat ruddy and tranſparent as the 


— 3 itſelf wherein they are fred is alſo. of 
4 light red and bright colour; they are a little 
bent towards the inſide, and immediately after 
the tegument of the extremity of the abdomen 
ſwells out. All the points are like that which 
F have obſerved to be placed in the breaſt. 5. 
Tab. I. fg. iv. From every reſpiratory 
int there iſſues a branch of the trachea Hh, 
which ſoon after forms a viſible anaſtomaſis or 
fed with 8 of . 

proceeds from another point, both 
cloſe into one canal: the fam! bolis alſo in all 
the XIV apertures of the lungs; fo that the air, 
which is drawn into the by one refpira- 
tory point, may be ſpread through the whole. 
Nor is it there only that the pulmonary pipes 
unite, but this holds equally in thoſe which are 
in the back, belly, and breaſt ; which laſt is 
diſtinguiſhed by three manifeſt - ramifications 
that are joined together underneath. This mat- 
ter hath been already elegantly delineated by 
doctor Hooke, in his incomparable Microgra- 
phy; however, he could have no knowledge 
of theſe ramifications by any .other means, buf 
that they appear viſible through the body. 

I am further inſtructed by the diſſection, 
that the pulmonary pipes may be diſcovered 
not only in the head, breaſt and abdomen, but 
they reach alſo to the inteſtines, the ovary, ſpi- 
nal marrow, brain, and, in fine, to all the in- 
ternal parts of the body of this animal; all 


_ which, as I have diſtinctly ſeen, ſo I can de- 


monſtrate them to others, with the aſſiſtance 
of certain experiments which God enabled me 
to invent in the ſtudy of anatomy, that the mi- 
racles of his works might be known: for we 
have not even the leaſt thing from ourſelves, 
for it is God that giveth us ingenuity. why 
Theſe things being well underſtood, I might 
proceed to deſcribe the other parts; as firſt, 
the ovary, which appears next after the for- 
mer, being a part placed upon the ſtomach it- 
ſelf : but ſince method requires us to treat, be- 
fore theſe, of thoſe parts which aſſiſt digeſtion, 
and tend to the nouriſhment and preſervation of 
the body, and afterwards of thoſe which ſerve for 
generation. 
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generation, I ſhall now deſcribe the proboſcis, 
or ſucker, the throat, ſtomach, inteſtines, and 
other adjacent parts. I ſhall after theſe treat of 
the ovary, brain and nerves, and then add 
- ſomething concerning the outward ſkin, with 
which 1 conclude this anatomical deſcrip- 


The Louſe has neither beak, teeth, nor any 
kind of mouth, as doctor Hooke deſcribed it, 
for the entrance into the gullet is — 
cloſed : in the place of all theſe, it has a proboſ 
cis or trunk; or, as it may be otherwiſe called, 
a pointed and hollow aculeus or ſucker, with 
which it pi the skin, and ſacks the human 
blood, taking it for its food into the body. 
But this proboſcis cannot be ſhewn, on account 
of its extreme ſmallneſs; nor can it be diſtin- 


guiſhed, unleſs a perſon happens to ſee it by 
chance. | 
int of the head, when 


At the extreme 
preſſed out artificially, and with a particular 
attention, there appears an obtuſe prominence, 
Tab. II. fig. 111. 4. which being hollow in the 
middle of the infide, bends back into itſelf, 
and goes into the body, but has no aperture 
or opening. From this. the proboſcis 5, or 
ſucker, is obſerved' ſometimes to proceed, and 
wherefore this part is, as it were, the ſheath or 
caſe of it, wherein it is laid up. 

I cannot illuſtrate this ſtructure or machinery 
by a more proper example, than by that of 
the horn of a ſnail, which is likewiſe turned 
into itſelf on the inſide, and is again ſtretched 
out, but there is no perforation : wherefore, if 
the proboſcis or ſucker was placed at the end 
of it in this inſect, inſtead of the real eye 


which we ſee in the ſnail; one might in ſome in 


meaſure form an idea how the proboſcis, or 
ſucker, is wrought in this inſect, and worked 
up with »dmirable art by the ſupreme architect 
of the univerſe. 

If the whole little ſheath or caſe be after- 
wards examined, Tab. II. fig. rv. c. it is ob- 
ſervable, that the upper end of it is thicker 
than the lower, and is ſwollen like a muſh- 
room; ſo that it a from. hence, that the 
little foot on which it ſtands is ſmaller than its 
top. When one preſſes the proboſcis, or ſucker, 
and its ſheath on the outſide, we ſhall find that 
the end of the latter is abſolutely blunt and re- 
ſembles the head of a pollard willow tree, ha- 
ing all its branches cut off; we ſee alſo that 
there are here and there certain pointed parts 
or claws d in it, which, as well as the ſheath, 
and the proboſcis or ſucker, are of a - brown 
colour, and are tranſparent. I ſhall preſently 
ſhew the uſe of theſe claws; there is alſo a 
crooked proboſcis or ſucker e in the middle of 
them. The outward skin of the ſheath which 
is annexed to the proboſcis, and from which 
its head is prominent, is of the ſame texture 
with the reſt of the skin that covers the Louſe; 
for it conſiſts of grooves and pellucid globules, 
2 ſhall explain hereafter, when I treat of the 
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If we examine that part of a Louſe's head 
at the time when it is ſeeking out ſome 
of ſweat in the hand, wherein to fix its pro- 
Boſcis or ſucker, a ſmall line of « pale brown 
colour is then preſented to us, which appears 
viſible through the head, and has its fore part 
more deeply coloured. This little line is no- 
thing elſe but the ſheath itſelf, with the proboſ- 
cis hidden in the inſide. | 
But before I explain the uſe of this proboſ- 
cis or ſucker; and its manner of riſing, it ſeems 
neceflary to deſcribe the figure, ſituation, co- 
lour, texture and motion of the gullet, ſto- 
mach, and inteſtines: for thus the method 
whereby the proboſcis performs its ſuction, will 
be more eaſily underſtood. The eſophagus or 
throat is a very ſmall canal, fig. 111, Y, which 
one cannot ſee at any other time; but when 
the blood aſcends through the proboſcis or 
ſucker into the mouth, and paſſes through this 
into the ſtomach, It is ſituated a little behind 
the eyes, and ſeems to be carried up above the 
brain: the reaſon that I think ſo is, becauſe it 
appears there very clearly at the time of ſuc- 
tion; ſo that probably it runs immediately under 
the skin of the head, In the neck it is ſome- 
what enlarged g, and afterwards it grows ſmall 
again in the back þ, untill it terminates in the 
ſtomach, near which I have obſerved it; like a 
very ſmall, clear, and tranſparent thread, where- 
in a perſon that diſſes it ſometimes obſerves 
blood, and ſome other ſubſtance, which appears 
like the contents of the ſtomach. I diſcovered 
the whole gullet, in the action of ſucking, as 
before deſcribed ; for it is a very difficult mat- 
ter to diſcover it in any other manner, becauſe 
the u A dg the back, and alſo in the 
head * neck, it is very ſtrongly connected 
with the adjacent . | 
The ſtomach, . ii, is lodged partly in 
the breaſt and back, but the greateſt portion of 
it is in the abdomen. When ſwollen with 
blood it appears of a dark brown colour, which 
is viſible through the skin, and is either a faint 
red, or a full or bright brown, as the con- 
tents of the ſtomach are more or leſs changed. 
Where the ſtomach joins the breaſt above, its 
figure reſembles a fork with two teeth ; theſe 
are two hidden appendages of Ie the ſtomach, 
which go deep into the breaſt, and on either 
ſide near the gullet and ſpinal marrow, and 
reach to the firſt pair of legs. Theſe are thoſe 
two blackiſh, tranſparent and coloured parts, 
which I have mentioned in general in the hiſ- 
tory of the external parts. 
The part of the ſtomach connected with the 
abdomen deſerves particular conſideration ; it - 
is formed like an oblong bag, which is here 
and there continually contracted and again ex- 
tended... When it is empty, it is colourleſs, 
and the ſtomach and its appendages are tranſpa- 


rent. But as the ſtomach fills, the colour is 


ſeen plainly through the outward skin. It 
manifeſtly conſiſts of two coats, the outward 
is thicker, the inner very thin, as it is in all 

K inſects. 
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found in all inſects; | wherefore; by avference;” 


inſets. Nay, it is probable that it has thee 


coats, and that the third is muſcular; ; - 4 
.. The. outward coat of the: ſtomach is fur- 
niſhed with ſo great a number of pelmonary 1 They 


they atiſe at the juſt mentioned. After 
theſe appears the — colon' 9, and at 


ipes as can hardly be expreſſed in words, 
— branches are very conſpicuous in it, but the 
ſmalleſt cannot be diſcovered, except by the als 
ſiſtance of the beſt mieroſcopes. On the 40 
the inward coat is very thin; the third, which, 


I ſuppoſe to be ſituated between the two for- 


mer, comprehends without doubt, the muſcular 


fibres of the ſtomach, by the help of which 


it performs its wonderful motions. The coats 
of the ſtomach, eſpecially the outmoſt, appear 
to conſiſt of very many globular little 2 — 
which are irregular in form; but whether 
theſe little grains properly belong to the texture 
of the ſtomach, or whether they are rather 
particles of fat, which cover the ſtomach, 
whereby the pulmonary pipes are gently moved, 
I could not well diſcern ; only this I know, that 
the greateſt part of them, when often touched, 
retire from the ſtomach, 

Underneath, in the abdomen, on a little riſing 
or prominence; nearly in the middle of the ſto- 
mach, there is ſeen a certain little part n, which 
doctor Hooke apprehends may be the liver; 
but I ſhould rather take it to be the pancreas, 
or ſweet-bread, though there want ſufficient 
arguments to prove it. Its colour is not pro- 

rly whitiſh, but ſomewhat inclining to yel- 
ow; and it is ſo ſtrongly connected with the 
ſtomach, that it cannot be eaſily ſeparated from 
it. If this be laid before the microſcope, it 
may eaſily be divided into many little grains 
like glands, but theſe are not very tranſparent. 
When it is accurately viewed by the microſ- 
cope, the pulmonary pipes alſo appear in it. 
The ſubſtance of this little part is more firm 
than that of the reſt, for when it is extracted 
from the body and dried, it is but little dimi- 
niſhed, It is of a very irregular figure, and is 
formed divers ways in almoſt every Louſe, be- 
ing ſometimes greater and ſometimes leſs ; but 
it is always finiſhed in the ſame general manner, 
by reaſon of its bendings and fituation over the 
ſtomach, as is evident from the five different 
figures of theſe little parts, which I have deli- 
neated to the life from the microſcope, in fig. v. 
I, 2, 3, 4, 5, of Tab. II. | 

At the lower region of the ſtomach is ſeen 


the pylorus, fig. 111. z. and immediately from 


this, the inteſtinum tenue or ſmall gut c, which 
is extended on each ſide, and formed like the 
ſtomach : this is alſo provided with a great 
many pulmonary pipes. At the end of this 
ſmall gut, which is for the greateſt part bent 
in a ſerpentine manner, or like the letter S, are 
diſcovered four ſmall veſſels pppp, which the 
ſagacious and excellent anatomiſt Marcellus 
Malpighius, has called the ſwollen veſſels in 
Silk-Worms; but theſe are ſtraighter and leſs 
inflected in the Louſe; they are conſiderably 
long, and of the ſame texture with the inte- 


ſtines. Theſe four little veſſels are properly 


four inteſtina cæca, or blind guts, which I have 


I call them here by this name, though I never- 
have had the fortune to ſee. their extremities. 
open into the inteſtine, from whence 


the end of that, there is a manifeſt dilatation 
or extenſion rr, which is the cloaca; or place 
where the excrements acquire their figure; for 
they are very irregular, and not like thoſe of 
other inſets, which are aſually formed in a fin- 
gular and regular manner.” Within” this dila- 
tation appears the inteſtinum rectum 8, which 
ſhews its aperture; as the anus ſituated upon 
the belly between the diviſion of the tail 7; 
and juſt under this the skin is very btiſtly. 

As to the motion of the ſtomach, it is truly 
admirable ; inſomuch that one might ſuppoſe it 
an animal within an animal, by reaſon of the 
ſtrong agitations, contractions, dilatations, corru- 
gations and expanſions, all which belong to it, 
and ſtrike one ork, ths bc. Theſe being 

lainly ſeen throu e eſe appear 
Mainly at the dete the ſtomach is fall of 
food, but they are beſt of all ſeen, when the blood 
ſſes into it at the time of ſucking ; for then 
t is ſometimes obſerved, that the remainder of 
the old aliment is mixed with the new, and 
is ſhaken and agitated up and down, and on 
every fide, in the ſtomach. This may be ſeen 
the more diſtinctly, as the colour of the contents 
is more dark. 1 5 n 

Hence one may eaſily conceive what ſtrange 
changes and emotions the pulmonary pipes on- 
the ſtomach undergo at that time, and after 
what various ways the air contained in them 
is preſſed, moved, ' propelled, and ſo purified ; 
changed from its firſt nature, and rarified within 
the creature, But who can diſcover, by the 
moſt diligent reſearches, the uſe of the air in 
that place? ſurely no one. Yet very wonder- 
ful motions are obſerved on this occaſion, par- 
ticularly in that little part which I called the 

nereas or ſweet-bread ; for this being con- 
nected with the ſtomach, muſt obey all its 
motions, That any perſon may form to him- 
ſelf an idea of the motion of the ſtomach, I 
have drawn three figures of it. When con- 
tracted, it is ſeen. as at number 3, fig. vi. 
Number 2 ſhews how its contractions are 
changed, and after what manner it dilates, is 
apparent from number 1. Theſe motions are 
continually repeated by turns, and undergo an 
infinite number of variations. 

As to the method. whereby the Louſe ſucks 
the blood, and conveys that nouriſhment into 
the ſtomach, it is performed thus, by the aſ- 
ſiſtance of the proboſcis, and its aculeus or 
point. Firſt, if the Louſe has abſtained from 
food two or three days, it becomes very hun- 
gry, which is diſcoverable from the empty ſto- 
mach, and becauſe the creature is then wholly 
tranſparent ; in this caſe, immediately as ſoon 
as he is placed on the hand, he ſeeks for food, 
which he will the ſooner and more readily find, 
if the hand be firſt rubbed until it grows red. 

Then 
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could not diſen 


ee, LD 


head, which lics be- 


the | 


motion of the ſtomach, and pancreas, or ſweet 


help of a microſcope. 40 55 
I ſhould. think the principal uſe of the 
claws, which I havedeſcribed to be ſituated at the 
end of the ſheath or caſe of the aculeus or ſucker; 
is to aſſiſt the creature in ſucking, and that the 
aculeus ſerves for this purpoſe; for whilſt theſe 
are ſtrongly fixed in the ſuperficies of the inner 
ſkin, and in the extremities of the pores, they 
enable the Louſe to uſe its aculeus the more 
freely, and to move it at diſcretion, when the 
end of its ſheath is placed firm and immov- 
able. 

Sometimes, whilſt the Louſe was ſucking, 
I have ſtrongly pulled the skin of my hand 
aſide, that by this means the ſheath, or rather 
its claws, together with the aculeus or ſucker, 
might be bound faſt in the skin, and the Louſe 
gage itſelf. This affords indeed 
a very agreeable fight. This I did with a de- 
ſign, that if I could thruſt the Louſe out of 
its place, I might the more plainly ſee the 
aculeus : but I could never accompliſh my de- 
fire in this particular, though I had then almoſt 
wiſhed to have three hands, that I might the 
better find what I wanted, There are ſome 
ſpeculations and reſearches in anatomy that will 
not bear writing, ſince they almoſt diſtract the 
mind. 

When the Louſe is loyed in ſucking, a 
very ſmall rivulet, "ig 0 of blood ; By 
mediately a behind the aculeus or ſucker, 


which is ſeen through the 2 head. 


Between and before its eyes, on the middle of 
the head, there is obſerved alſo a conſiderable 
dilatation x, for the jaws are there remarkably 
expanded, by the blood continually aſcending. 
Theſe parts are ſo ſwiftly contracted again, that 
there ſcarce remains the leaſt fign of blood after 
a moment, and both are performed with ſuch 
velocity, that the dilatation can hardly be di- 
ſtinguiſhed from the contraction; wherefore 1 
do not know how to explain this matter more 
properly, than by the ſudden oſcillation of the 
pendulum of a clock. Behind the eyes, a ſmall 
1 >> eu —_— doen to run down 
withi : this paſſage may be properl 
called the œſophagus or gullet, fig. 111. 75 * 
lies behind the jaws, and grows wide again in 


, $1 pa | 
bread, might. be ſeen moſt beautifully by the 


the Louſe's neck as la been ſlie vii before g. 
I have choſen to exhibit all theſe as one conti- 
nued. cara, thit n dre pile weg de the 


more 1 oi © ADDITIVES VI Y' THAO 4 
Aſter this blood has aſcended to the jaws; and 
comes to-'the-gullet; we obſerve that it is im- 
mediately conveyed to the ſtomach, and that 
the bifurcated appendages, as well as the ſto- 
mach itſelf, are at once filled with it. The 
motions of the; ſtomach ate then remarkably 
increaſed, its muſcular parts being diſtended; 
for as theſe muſculat parts are then ſtretched, 
they have an er of contracting them- 
ſelves again. herefore it is immediately ob- 
ſerved, that the encrements in the lapge guts 
begin likewiſe to move; nay, it uſüally 
ns that the Louſe diſcharges them during the 


* 


king: | 18 \ div 1; 

The food being thus received ititd! the ſo» 
mach, is agitated about in a wonderful man- 
ner; it is moved up and down; and by con- 
tractions and dilatations, which are not to be 
deſcribed, then performed by the ſtomach; is, 
as it were ſifted. After this, it is ſeen, that 
the contents firſt begin to divide into parts in 
the back or hinder portion of the ſtomach, and 
they then appear like raiſins preſerved in jars, 
and are thus diſtributed through the body. 
However, this is a falſe appearance; it ariſes 
from hence, that the skin being divided into 
many grooves, is not equally tranſparent every 
where, and that ſome difference is in this reſ- 
pect ſeen through it, becauſe the grooves are 
not equally tranſparent with the intermediate 
parts. Nay, the particles of the internal fat 
not being uniformly viſible through the skin, 
and obſcuring the brightneſs of the skin, con- 
duce likewiſe to deceive the ſights as if the 
retreating blood entered into many | peculiar 
veſſels. To this may be added, that the blood 
has not at that time a homogeneous or equal 
colour, for its parts ſeparate from each other. 
From theſe appearances, before I had accu- 
rately examined things, I thought that the 
blood was diſtributed out of the ſtomach, 
through various veſſels, into the other parts of 
the body ; but I afterwards obſerved that this 

henomenon aroſe, as well from the blood 
itſelf, as from the different colours of the parts 
through which it was ſeen, and which I then 
took to be veſſels. Perhaps others, eſpecially 
doctor Hooke, who firſt prejudiced me in fa- 
vour of this opinion, have Mit on the ſame 
rock. I have not as yet made this experiment 
in the ſmalleſt Lice, in which more peculia- 
oy may probably be ſeen, than in the larger 
kind, | | 

I have likewiſe reſolved to receive the blood, 
when changed in the ſtomach, into a glaſs tube, 
and then to view it in the air, or in ſome 
dark place by candle light; but this I have not 
bitherto done, being hindered from making 
this, as well as many other experiments which I 
had a mind to try. In ſome — after feeding, 


the contents of the ſtomach are obſerved to be- 
come inſenſibly more brown or blackiſh, and 


to 
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part 
muſcles, which move the legs and head; and 
herein are alſo viſible the appendages of the 


ſtomach, and a great number of 
pipes and particles of fat. In the fame view 
1s alſo ſeen the gullet and ſpinal marrow, to- 
gether with the nerves arifing from thence, of 
which I ſhall now ſpeak diſtinctly. 

In the middle of the back is ſeen a certain 
tendenous point, under the ſmall ſhield there 
ſituated, where the skin does not appear to be 


ſo tranſparent as in the reſt of the body. This 


ſhield ſeems there to be hollow, being thruſt 
down into a little pit. At this point almoſt all 
the muſcular fibres are ſeen to concur, and their 
motion and contraction are here very viſible. 
As to the appendages of the ſtomach, and other 
parts of the breaſt and back, we have before 
treated of them at large. 

The ſpinal marrow is properly ſituated in the 
breaſt, and therein reaches to the inſertion of 
the laſt pair of legs. When this is diſcovered, 
it is * 4 to judge what that ſhort whitiſh 
groove is, which appears through the breaſt, 
between the appendages of the ſtomach ; for 
theſe appendages are placed on both ſides of 
the ſpinal marrow, 

The ſtructure of the ſpinal marrow itſelf, 
does not differ much from that found in the 
Worm, from which the Scarabæus Naſicornis, 
or Horned Beetle, by the ancients conſecrated 
to Mercury, is produced, as is manifeſt from 
the hiſtory and figures of the latter. It conſiſts 
of three remarkable ſwellings, expanſions or 
dilatations, fig. v 11. aaa, from which, on either 
ſide, we obſerve three nerves 5bb to ariſe, 
which reach to the muſcles of the fix legs ; 
but underneath, or in the hinder part of it, I 
diſtinguiſhed ſix nerves cc iſſuing, which doubt- 


leſs are diſtributed through the reſt of the viſ- 


cera, to give them life, ſenſe and motion. The 
loweſt of thoſe little knots, whereof the ſpinal 


marrow is compoſed, is formed in a different 


manner from the upper ones, which are alike. 

The membrane which covers the marrow is 
interwoven with a great many pulmonary pipes, 
and ſeems to be compoſed of irregular and glo- 
bular little parts dd, in the ſame manner as we 
have ſhewn in reſpect of the coat of the ſtomach : 
and this texture, together with the great number 
of pulmonary pipes belonging to the part, afford 
a very agreeable ſight in the living inſect. 

I could diſcover no fibres in the nerves, 
which ariſe from the poſterior part of the mar- 
row, though I viewed them freſh with the 


microſcope z they ſeemed indeed to be made up 
of a bright and tranſparent mat-. 
ter, and at their ſides were hung 7 8G 
pulmonary pipes; with particles of fat. FT 
ee IE, where it is con- 
nected with the brain, is ſeen like a fine 
thread e. But in all other inſects this beginning 
through its 


Ne iis ſur 


muſt be obtained rather by chance, than with 
any premeditated deſign or art; it is clearly 
ſeen when by any accident it happens to be 
ſtript of the parts wherewith it is covered. 
The optic nerves hh are ſhort, and the eyes ii, 
which are connected to them, are ſo ſmall; that 
I could not diſſect them to my ſatisfaction; as 
well becauſe this operation is but aukwardly 
performed under miſcroſcopes, which magnify 
objects ſo much, that all inſtruments are too 
coarſe for this purpoſe. Thus much, however, 
I diſtinctly ſaw, — this black part in the eyes 
might be ſeparated or lifted up from them; 
which part in other inſects I call the tunica 
uvea, not being ſituated on the bottom, but on 
the ſuperficies of the eye; after this appears 
the tunica cornea; this ſeemed divided as it 
were into hexagons, as it is in other inſects, 
though the other was not : but that I would 
not affirm for certain, for we are not to ſuppoſe 
or imagine, but to purſue by our ſenſes, and 
diſcover the actions and productions of nature. 
This opinion, however, does not pleaſe ſome 
anatomiſts, who therefore eſteem all comments 
on the brain merely as ingenious fancies. The 
younger Bartholinus, who, ſpeaking of the 
fiction that filkworms had no brain, expreſſes 
himſelf thus: Behold, how many are pleaſed 
* with their own blindneſs! who, although 
© they are blind, and ſhall for ever remain ſo, 
<« yet cry aloud they can ſee, ſince theſe their 
* contemptible works, which ought to be re- 
% moved from their eyes, and buried in obli- 
e vion, are laſting monuments of their cloudy 
s arrogance ; for by this means they might 

* afterwards ſeek for the light of truth.” 
Whether Lice are diſtinguiſhed by the parts 
of generation, into males and females, as other 
inſects are, I could not diſcover. Heretofore, 
indeed, I had ſometime remarked that Lice get 
upon each other; but this I could not obſerve 
while employed in this diſſection. I found an 
ovary in every one of forty, which I diſſected; 
this almoſt inclined me to think that theſe little 
animals are Hermaphrodites ; and perhaps they 
really have in each animal a penis and an ovary 
together, in the ſame body, as I have found in 
ſnails, Whether indeed it be fo, is ſtill a ſecret 
to me, for though I ſaw the ovary very 
diſtinctly, I could diſcover no penis, notwith- 
ſtanding 
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rear hopes I. had of finding it, 


i diſtin& from the end of the 


inteſtines, for as the wy of the funda- 
ment is placed in the diviſion of the tail, in 


which n ſo on the contrary 
the vagina or mouth e ovary opens into 
the — of the abdomen, — the 
body is divided as it were into Tab. 
II. fig. v111. as may be ſeen in doctor Hooke's 
figure. The ends or — — of 
the oviduct or are like two tubes 
bbbb, naturally joined in one point; this I 
have ſhewn in the figure by one ſide. In the 
oviduct c are ſeen at once perfect 
their rudiments e or principles; ſo 
ovary I have cc ten larger and forty 
four ſmaller eggs, together making fifty- four. 
In the uterus I faw one perfect egg, which 


was fallen'down ready for birth; at that time 
ate called Nits. In my figure 


theſe little eggs 
of the ovary there are fifty-one eggs. 
The ovary is double F in all Lice, and 
every of it is ſubdivided into five ovi- 


ducts gg, which on each fide end in one 


common canal; next comes in ſight the ute- 
rus b, in which the egg 
perfection. Where the uterus ends, is ſeen 
a ſateulus or bag full of a glutinous matter A, 
opening in that part into the uterus; this is 


—_— for faſtening the eggs, 

are laying ; the ſame may be likewiſe obſerved 
in many other inſects, and particularly in Bees. 
I muſt acknowledge that I have not ſeen 


the glutinous matter contained in this bag; 


but I infer, from the ſituation and ſtructure 
of the part, that the bag was deſigned for 
keeping ſuch a ſubſtance; After this appears 
the neck of the uterus /, and therein is a ſmall 
dilatation or expanſion; by means of which, 
the ovary immediately opens itſelf into the 
outward womb, as may be ſeen at the letters 


aa. | 

The oviducts embrace the eggs fo cloſely, 
that ſcarce any difference is obſerved between 
them n, nor can we ſeparate the oviducts 
from the eggs, without great labour; when 
we do this, a great many bags of fat iſſue from 
thence, which obſtruct the fight. It therefore 
has appeared to me, that the ſtructure of the 
ovidu& is the ſame with that of the ſtomach 
and inteſtines; though the texture of this part 
is nevertheleſs more delicate, and that the glo- 
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7 acquires its full 


„ whilſt they 
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bular particles proceed from thence with 
greater caſe, than in the other viſcera: The 


oviducts are provided with many pulmonary 
u, of which, as we have 94-0 ob- 


this little animal has a very large num- 


ber, though no bigger than a point; its 


ſtructure and viſcera, which excel all human 
art, the greateſt genluſes ought to be amazed 
at, as I have here, though briefly, yet clearly, 
explained and demonſtrated. I am perſuaded 
that I might make many more diſcoveries in it, 
if I had more time for that purpoſe, ſince I 
have completed this diſſection, and diſcovered 
theſe remarkable miracles in this microcoſm 
or little world; in the ſpace of fix days. If the 
learned Daniel Heinſius had ſearched for 
theſe things in nature herſelf, and not in his 
own. fancy, and in books, he would not have 
written ſo an encomium on this inſect. 

As to the ſtructure of the external skin of 
the Louſe, it affords many particulars worthy 
of: obſervation, nor is there any thing that 
beats a greater likeneſs to it, than ſtiff and 

nt parchment it is in ſeveral places 
marked with ſmall grooves 1 in 
the ſame manner as the ends of our fingers; 
which, when viewed with the beſt micro- 
ſcopes, really ſeem to be ſo many diviſions of 
pulmonary pipes. But the lens of the mi- 
croſcope muſt, for this purpoſe, be carefully 
managed, for as it is 2 way or ano- 
ther, different things are ſeen: one cannot 
bring the lens nearer, or remove it further, by 
the leaſt diſtance, but ſomething is imme- 
diately perceived by the ſight, which was not 
obſerved, before; Globular particles, fig. 1x. 
a, ſometimes appear in the place of chan- 
nels, or oblong pipes 45, though the eye is 
always: fixed on the ſame part; then between 
the grooves themſelves, where the skin is 
ſimply membranaceous, globular particles c 


are likewiſe obſerved. In other places, as in 


the extremities of the abdomen, the ſtructure 


of the skin is different, for there it ſeems to 


be compoſed as it were of irregular ſquares, 
Tab. II. fig. x. 4, wherein circular grooves e 
may be ſeen in one part; in another globules 7; 
in a third, both globules and grooves g, nay 
ſometimes the plain tratifparent skin only is 
ſeen full of points 55; all which, as we have 
before obſerved of the oblong grooves, are 
repreſented according to the tranſparency of 
the parts, which have not been yet totally 
ſeparated from the inner ſurface of the skin; 
or juſt'as the microſcope is moved, fomewhat 
nearer to, or further from the skin. 
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All theſe thinos, mot iltuficious fr, ehe 


viewed them. I have carefully delineated with 
my own hand, as you may ſee by the figures 
annexed. -I ſhall now leave you to judge, 
whether chance, by any right, can claim even 


the leaſt part in the moſt artful ſructure of | 
the ſmall point of the univerſe, which is here 


exhibited ; ſince ſo many and ſuch different 
miracles deine, proclaim in it the divine om- 
nipotence. 


* 


herefore though this animal is 
| EO of 


matage to the dy, 
F 3 divin | ; | 


into act: for the + moſt ſmall and 
may drive away the devil, and rob hi 


£ 
* * 


his ſtrengtn. eee 

The miracles of God are magnificent ut 

every thing he has created; and even 

ſmalleſt of them are the the I 

Ex libs the changes of the firſt order or c , which ore laid befire the oye, by the Aland of 
F | I fie which purpoſe LIN HU + 


. 


N. B. The numeral letters diſtinctly Chew, after whit manner the tranknutations Gucoced 


each other: ſome of the figures are exhibited as they are maygh 


ihed with the microſcope 


and let the reader obſerve in _ that we have likewiſe followed the ſame rule in 


the examples of the ſecond, 


No. I. Is the Nit or little egg of the Louſe 
delineated in its natural fize, wherein the 
Louſe is contained, being yet cloathed in its 
firſt coat or skin. 
fig. 1. as magnified with the microſcope. 

II. The empty ſhell of the egg, or the 
Nit's coat, caſt off by the Louſe, after it Hus 
crept out of it. It is repreſented magnified 
in fig. II. | 

nt. The Louſe itſelf juſt excluded from its 
egg, or coat, where it is evident, how this 
animal has crept out of the 'membrane where- 
with it was covered, in a ſtate of perfection; 
ſo that it is not obliged to undergo any other 
change, but afterwards grows to a larger ſize, 
and muſt often change its skin. Wherefore 
we have called the Louſe in this form, an 
oviform Nymph animal; becauſe it comes 
from its coat perfect in all its members. 

IV. We repreſent the ſame Louſe ſome- 
what larger, and cloathed as it were in its 
third or fourth skin, which is likewiſe to be 
caſt off ſoon after. | 

V. The Louſe, having attained the full 
term of its increaſe ; in which period we have 
conſidered it as a Nymph animal; becauſe it 
is then in the laſt skin that it will caſt, and 
indeed we find ſome inſects in this firſt order, 
which are ſtill ſomewhat changed about the 
time of caſting their laſt skin; which is ſuffi- 
ciently evident, among other examples, in the 
longipede or long-legged Spider ; the legs of 
which grow much 1 at the time it is 
caſting its laſt skin. After this is caſt, the in- 
ſects of this firſt. order grow no more, nor 
are they any ways changed; as may be more 


The ſame may be ſeen in 


the microſcope. 


ird, and fourth orders or claſſes of our changes of inſects. 


eaſily underſtood from the figures of the ſub⸗ 
ſequent examples of the four orders, under the 


ſame numbers v and vr. THY 
ect 


VI. The Louſe, having attained its perk: 


maturity and full growth, fo that is now fit 
for generation, and is arrived to the ſtate of 


puberty. Fig. 111, repreſents it magnified by 


The Nit or egg of the Louſe delineated with 
a microſcope. 5 


4. An oviform border or extremity, which 
ſurrounds the Nit's head; within which are 
ſeen certain ſmall cups, like uvulz, of no exact 
or determinate - Thee little cups are 
ſomewhat bent, and they again ſwell in the 
mi as it were into a whitiſh top. It is 
obſerved alſo that theſe little cups do not in- 
tirely fill the inward parts of the border or 
circle that ſurrounds the head. | 

bb. Two tender little ſwellings or pimples, 
wherein the Louſe's eyes, whilſt its limbs are 
yet moiſt and ſoſt, are ſituated. Theſe eyes 
grow inſenſibly browner, and become viſible 
2 the Ua, and at length grow entirely 

c. A cettain white pellucid little part, ſitu- 
ated in the middle of the Nit, which we have 
often obſerved to beat regularly like the heart; 
and this is the little part repreſented by the 
letter 5. in figure vi. and called by us the 
neck as it moves up and down with the 
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Th e egg-ſbell, or empty Nit, 

. caft by the Louſe, 
aſunder win its little 
by 


n thin 
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Louſe creeping 
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The Louſe him on its belly, and magnified with 


On its head is ſeen a ſhining ſlin, together 
with ſome Hue hae and. Abs, "On the 


\ 
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breaſt or back is an elegant delineation of a 
ſhield, 'which is painted in the middle; and 
the glittering ſkin is alſo obſerved to be here 
ich little holes. The legs, which 
the breaſt, are full of little ſwellings 
like ſhagreen fin, but they are 

towards the end of the legs. 


to 


pimples ES, 


the beſt microſcope, that the skin really conſiſts 


* 72 n 


ie "Arborgeent later Flea *. 


Aber the Louſe I have likewiſe in this firſt 
order, placed the Arboreſcent Flea, whereof 
I now intend to treat particularly, This inſet, 
which IL here "delineate larger than the life 


Tab. XXXT. fig. 1. 4. is the fame that in fi 
11. I have repreſented Alſo larger, yet in a ff 
view. In this, . beſides che outward form e 


the body, which is ſquare as it were, I Thew 
an eye in one fide of the head, fig. II. a. and un- 
der it a ſharp beak. ©. On the breaſt are ſeen 


tranſparent ſubſtance, ' with the legs and tail; th 


and in the hinder part of the body, its leg 
wh placed as it were on the middle of th 
But if this animal be rep ſented in the 
form wherein it ſhews itſelf to the naked 
ſight, you would ſay it had only one eye; for 


the eyes, by reaſon of the ſinallneſs of the f 


head, ſeem to be joined to each other. 
are ſituated in the beak of this inſect, and thi 
beak is likewiſe very ſmall and ſharp- pointed. 
The ſtructure of the eye is ſeen By he tmlero- 
ſcope, to be reticulated, or made like a net, ſuch 
as we ſee in the eyes of other inſects, and the 
beak is not only ſmall and ſharp, but alfo 
tranſparent : and it ſcems probable, that this 
little animal ſacks in its food, by the help of 
this little part, as is uſual with other aquatic 
inſets, which feed themſelves with their 
hollow beak; or tubular aculeus or ſucker. 
Of all the patts of this animal, its branching 
arms, and the motion it makes with them in 
the water, deſerve out greateſt attention, T 
ariſe undivided from two, as it were, ſimple 
trunks, which, like the ſhoulder bones, ſpring 
from the ſhoulder blades, and are each divided 
into two branches; each of theſe is again ſub- 
divided into three different joints. At the firſt 
and ſecond joint, reckoning from the ſingle 
trunk, there ariſe on each fide a little . 


joint, three ſuch buds or ſhootings are placed, 
which alſo ſcem to be again divided into other 


© © This inſet is frequent with us in ſhallow and landing waters, as in the ditches at Tothill-fields, 


of 


almoſt like a hair ; and at the third or extreme 


„But though theſe arms are very remarkable, 
and worthy of conſideration, the motion pro- 
duced with them by this inſe& deſerve yet 


er notice. For this is threefold ; firſt, the 
1 


little creature can, with their aſſiſtance, move 
in a ſtraight line; . whilſt it conſtantly waves its 


. arms, as a bird its wings in the air, 
ometimes upward, ſometimes downward, and 


Tometimes on one fide, and all the while moves 
| Forward in a ſtraight line. 

arms, divided into branches $þ like the boughs | 
of trees; and in the abdotfien there s a fo 


A lecond motion is like that of the ſparrow, 
r as theſe, by expanding and again contracting 
their wings, paſs with an uneven motion 
through ie air, and ſometimes deſcend, and 


immediately after are carried aloft again; fo 


this little animal, by ſtriking the water now and 
then with its branching arms, obtains a like 


_ unequal motion, and ſometimes dives as it 


were to. the bottom, and again riſes up to the 
urtace. Theſe ariſe from the alternate ceaſing 
and repetition, of the motion; the animal by 
this means moving in a different manner. Since, 
therefore, the motion of this little creature is 
not at that time very irregular, it happens that 
it is continually ſeen to jump in the water, its 
head always tending towards the ſurface, and 
its tail ſtretched downward. | 

I carinot find a more proper example of the 
third kind of motion in this animal, than the 
whirling or turning about of that kind of 
pidgeons, which, from this whitling or gyration 
of the body, are called tumblers. For as theſe 
tumblers, when whirled about in the air like 
a ball, ſeem for a time to be deprived of their 
motion, and fall as it were downward towards 
the earth; ſo this little creature, inclining its 
head down ihto the water, and at the ſame 
time raiſing the hinder part of its body upwards, 
moves itſelf as it were in a circle, without any 
interruption” in the motion of its arms, whic 


it uſes upon this occaſion as cars. Hence it 


happens, that the parts of its body, though in 
motion, and naturally always ſunk 


to the water, are ſometimes ſeen under and 


ſometimes above it; which is a very pleaſant 


ſight, 
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ſight, and may be compared to the turning of 
48 about the axle- tree of a chariot. + | 
In regard, therefore, of the motions before 
explained, by which this little animal ſeems to 
approach rather to the nature of Fleas than 
Lice ; and on account of its wonderful arms, 
which are made like the boughs of a tree, I 
think it may be rly called, as I have 
named it, the Ar t Flea. CELL 
The ſtructure of this inſect's belly likewiſe 
deſerves as much conſideration as its breaſt and 
arms: if we view it on the outſide, it will 
ſeem to be of a rhomboidal form; but in reality, 
the part which reſembles the belly, is nothing 
more than a tranſparent skin full of ſcales or 
ſhells, fig. 11, d, which is joined together in the 
back or poſterior part of the body, but in the fore 
part is divided into two ſegments which open 
from each other; and thus it forms, as it were, a 
little open caſement, through which the animal 
can move his real belly and tail in and out. 
Therefore this rhomboidal skin which covers 
the inſect, is only its ſhell, through which its real 
body is ſeen, as this ſhell is tranſparent, This 
ſo far a with the teſtaceous animals; but 
it differs from them widely with reſpect to its 
diſtinctly viſible motions, which it has with 
the abdomen and tail. I have often obſerved 
that it ſtretched out its tail through the open- 
ing in its skin or ſhell beforementioned, and 
ulled it in again, This ſubſtance, or the 
and tail, are waved and turned round 
like the letter S; in the middle is ſeen a ſmall 
tranſparent inteſtine, and in the fore are 
ſeen feet which are tranſparent, formed almoſt 
in the ſame manner as the articulated briſtles 
in Shrimps, and having the like, as it were, 
tremulous or jumping motion, wherewith this 
animal, as well as the Shrimp, can change its 
place; though this office is performed in gene- 
ral by its arms, to which, however, the legs 
ſeem to be ſomewhat aſſiſtant. The extremity 
of the tail is divided into two ſharp and ſtiff 
briſtly hairs 7, on which, at a little diſtance, 
grow two other ſimilar ones. The eggs 5 
are placed on the back of the body, which I 
affirm as certain for this reaſon, becauſe, ſoon 
after this inſe& hath caſt them out, very ſmall 
whitiſh inſects are ſeen ſwimming in the wa- 
ter, which are of the ſame nature with the 
full grown ones, nor do they undergo any other 
change, except that they grow bigger ; as I 
have ſhewn to happen to Lice, in the example 
of the changes of the firſt order. 

In figure 111 J ſhew all the parts hitherto 
deſcribed, except only the <gp3 which are 
caſt out, with this difference, that a little of 
the fore part of the body, which was before 
repreſented laterally, is here delineated; ſo 
that the motion of the inward body and tail 
through the rhomboidal ſhell, or skin, may 
be ſeen the more exactly. The feet alſo may, 
by this means, be ſeen more plainly, being 
here ſtretched out beyond one fide of the skin ; 
which I ſhall make more clear, and explain 
more particularly hereafter by letters. 
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The colour of this inſect inclines ſomewhat - 
to red in the full grown; and is like that of 
beef, which has been ſome time ſteeped in 


Water. The outward ſtructure of the skin 


that covers it agrees, in ſome meaſure, wi 


the reticulated and checquered ſhell skin © 
the ſcaly fiſh; though I could hitherto ſee no 


ſcales in it, having never viewed it through 
microſcopes, which, in the moſt powerful 
manner, magnify the bulk of objects: but it 
is tranſparent like the skin of the Shrimp, or 
as the ſhells of very ſmall Muſcles and young 
Cockles. The extreme part of the branching 
arms is like Hen's feet, but their diviſions are 
not'fo m ·⅛ tour} : 

I have frequently the inſet I have been 
hitherto deſcribing, in ciſterns of rain water, 
when no rain hath fallen for a long time ; but 
when theſe inſects have plenty of rain, they 
can ſcarcely be ſeen, becauſe they divide 
themſelves here and there to every quarter. 
I have found them likewiſe in running water, 
and in mooriſh or fenny ditches, wherever an 
of the clear water has ſtagnated on the ſedi- 
ment at the bottom. They ſometimes remain 
ſeveral days on the ſurface of the water, and 
ſortietimes are ſeen at the bottom only; but 
we ſeldom or never ſee them at reſt. They 
change their skin like Lice, and the caſt skin 
reſembles the inſe& itſelf fo _— that you 
would fay, you ſaw it alive, I keep by me 
ſome skins of this ſort, which are very 
curious. 3 

I remember when I was in France, in the 
foreſt of Vincennes, that I ſaw ſo great a num- 
ber of theſe inſets in a watering-place for 
horſes, that the water appeared as if changed 
into blood ; which, indeed, terrified me at firſt, 
but it afterwards gave me an opportunity of 
inveſtigating the nature of theſe inſets more 
accurately, and made me cautious not to paſs 
too raſh a judgment on things that are obvious 
and familiar to us; for this leads us into in- 
numerable errors and prejudices. It is not 
impoſſible that thoſe who affirm that bloody 
rain has fallen, have been deceived in the ſame 
manner. Is it not poſſible, that ſuch red 
drops might iſſue from inſects, at the time they 
come freſh from the Nymphs, which diſtil 
a bloody fluid? This ſeems to happen, eſpe- 
cially when ſuch inſects are more than ordi- 
narily multiplied in any particular year, as we 
often' experience in 1275 Butterflies, Flies, 
Gnats, and others. 

The celebrated Florence Schuyl, who was 
r of L in the univerſity of Leyden, 
ong after this incident communicated to me 
the like obſervation concerning bloody rains. 
He informed me, that being once intent on 
his ſtudy, he heard a noiſe, of which, as it 
increaſed by degrees, he was deſirous to know 
the cauſe; and that he was ſoon ſatisfied in 
this particular, for that one of the maid-ſer- 
vants ran up to him, and told him, in an in- 
terrupted ſobbing tone of voice, that the waters 
of Leyden were turned into blood. Upon 
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this, he went directly in a ſmall bark to the 
places he had mentioned, put ſome of the 
loody water into a glaſs, and, upon viewing 
it carefully, obſerved that it was common 
water, and abounded with little red animals. 
Thus his fuddep fright was changed into a 
laſting admiration. Before I treat of other 
matters, I ſhall diſcloſe a method, to the dili- 
nt ſearchers into nature, by which I have 
35 — theſe and ſuch like aquatic inſects 
in water, which, when found, may be ex- 
amined more accurately... "0 WL 
To find fingle inſets. in water, I know no- 
thing more proper than the 18 veſſel com- 
monly called an urinal; for if its empty belly 
be ſomewhat narrow, the ſmalleſt animal ſwim- 
ming in it muſt be ſeen by us, ſince the 
water itſelf contained in it ſupplies the place 
of a microſcope. As the glaſs, therefore, is 
wider or narrower, ſo we ſee the little animal 
repreſented leſs or greater, But it muſt be 
obſerved, that this augmentation 1s not viſible, 
except only when the animal ſwims on the 
oppolite fide of the glaſs. When the inſects 
are once obtained, they may be removed into 
ſmaller glaſs bottles, wherein the parts may be 
ſeen much more diſtinctly: nay, the micro- 
ſcope, conſiſting of only one convex glaſs, 
may upon this occaſion be uſed to advantage. 


Beſides theſe, we have likewiſe other helps to 


magnify theſe little creatures : we have cauſed 
very ſmall round bowls to be made of glaſs 
with diviſions, in which we have, by the help 
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of a microſcope, viewed the inſect, having 
only a little water, to the utmoſt advantage; 
and gained a very diſtinct knowledge of all its 
parts. It may likewiſe be very conveniently 


examined by the microſcope, if it be placed 
in a ſmall drop of water, dropped upon white 

per ; provided one [takes care to avoid the 
rightneſs produced by the water. If the in- 
ſect ſhould. happen not to. be diſtinctly ſeen 
upon a white ground, we may change the 
white into yellow, green, blue, or any other 
colour : we have, - this purpoſe, put our 
little glaſs bowls before mentioned, into a 
cake or compoſition» of ſtarch and blue, into 
ſoot, vermillion, and other paints; and by this 
means our endeavours have been'crowned with 
a fortunate event. Since, therefore, the me- 
thod we have been hitherto explaining, has 
been very uſeful to ourſelves in diſcovering a 
great many water inſects, and viewing their 
2 with the help of a microſcope, we no 
onger deſire to conceal it, but communicate 
it for the ſervice of the public. To this we 
ſhall add, that among all the kinds of micro- 
ſcopes which have been invented, none is 
better than that which has only one lens. But 
ſince we owe the benefit of this inſtrument or 
contrivance to that very great and incompara- 
ble mathematician, Mr. John Hudden, ſenator 
of the city of Amſterdam, we eſteem it our 
duty to do this renowned gentleman honour ; 
and to give him public thanks for the favour 
he has done us in this reſpect. - 


A particular treatiſe on the Scorpion, which likewiſe belongs to the firſt claſs 
or order of natural changes. | 


N EXT in order under this head, come 
the Scorpions, which are viviparous, ac- 
cording to he obſervation of Dr. Francis 
Redi; his words are theſe : * The thoughts 
e of the great Ariſtotle were juſt, who is of 
ct opinion that Scorpions are generated by the 
* conjunction of the male and female; the 
« Scorpion not laying eggs, like other inſects, 
“but bringing forth little Scorpions alive and 
perfect in their ſpecies : and of this opinion 
« are alſo Pliny, Lib. II. Cap. xxv. and Ælian, 
„Lib. VI. Cap. xx; and the ſame thing has 
© been accurately obſerved by Thomas Fure- 
e nius, and by the very learned John Rhodius, 
* in their medical obſervations. | 

As, therefore, I had nothing to follow or 
e avoid, I began at once my experiments; 
« and . large quantity of Scor- 
<« pions from the mountains of Piſtoiæ, in 
* Tuſcany, I ſelected ſome of the females, 
* which, by their ſize and roughneſs, are 
<< eaſily diſtinguiſhed from the males, and on 
the 20th of July put them in ſeparate glaſs 
* veſſels, and kept them without food; ſome 
of them died before they brought forth their 
«© young. But one of thoſe on the 5th of 
Auguſt brought forth, not eleven, as Pliny 


“ and Ariſtotle have imagined, but thirty-eight 
* Scorpions, well ſhaped and of a milk-white 
* colour, which every day changed more and 
* more into a dark ruſty hue. Another fe- 
« male in a different veſſel brought forth 
e twenty-ſeven of the ſame colour, on the 6th 
« of the ſame month; and the latter, as well 
« as the former, ſeemed fixed, as it were, to 
* the back and belly of the female. On the 
6e 1969 all theſe young ones were living, but 
« afterwards ſome of them died daily, fo 
*« that I loſt all ſoon after, except two which 
% ſurvived until the 24th of Auguſt, and 
e then they died alſo, 

In the mean time, I had a mind to ſee 
«© how thele inſects were placed in the pa- 
«« rent's womb before their birth. Having, 
ce therefore, opened ſome of them, I found 
« different numbers, yet never leſs than 
ee twenty-ſix, nor more than forty ; all which 
* hung on an oblong thread, and were covered 
« with a very fine and delicate membrane, 
« in which one Scorpion was very clearly 
“ diſtinguiſhed from another, by a certain par- 
e tition reſembling a fine film.” Thus far 
Dr. Redi, in Exp. Circa Gener. Inſect, But 
the deſcription given by him does not at all 

M | ſatisfy 


fatisfy me, ſince his deſcription of the uterus 


and its oviducts is not ſufficiently exact; nor 
does he take any notice of the place where the 
oviducts are connected with the uterus, and 
form one common excretory duct. I ſhould 
likewiſe be glad that the extremities of the 
oviducts had been examined by him, and that 
he had deſcribed the rudiments of the eggs 
contained in them. He ſhould have told us, 
what that oblong thread is of which he makes 
mention, and which was doubtleſs one of the 
oviducts. The membrane, likewiſe, which 


ſeparated the Scorpions from one another in 


the oviduct, could be no other than the mem- 
brane which covers the fetus of this inſect, 
and ought indeed to be called the proper egg 
of the Scorpions. It is probable that he found 
this egg in the extremities of two oviducts; 
though his words import, that there was only 
one oviduct, which he calls an oblong thread ; 
which ſeems to me ſcarce probable, ſince we 
are taught the contrary from the analogy there 
is between the uterus and oviducts in all in- 
ſeas. And when he makes mention of a par- 
tition, which, like a very fine film, ſeparated 


the young Scorpions, he ſeems in that place 


to divide an oviduct: but the author, inge- 
nious as he is, ſpeaks here ſo perplexedly and 
obſcurely, that it ſeems as if he intended to 
propoſe an enigma for ſome future Adipus. 
I am perfectly ſatisfied that Scorpions, which 
I have never known to be refered to any order 
ought to be inſerted in the firſt of my plan, 
with this difference only, that they are brought 
forth alive; whereas the Louſe only lays eggs 
or nits, from which its young afterwards pro- 
ceed. The Scorpion is, therefore, like the 
viviparous Snail, which excludes its eggs in 
its own body, and afterwards brings forth its 
young alive, but at different times and in- 
tervals ; whereas the Scorpion has thirty-eight 
young ones together at one birth, which after- 
wards, by degrees, increaſe and grow bigger. 
As the true figure of the Scorpion has not 
yet been given by any perſon, that I know of, 
I ſhall here repreſent their natural ſhape. And 
that I may the more accurately execute this, 
I ſhall divide the Scorpion into the head, 
breaſt, and belly. The Scorpion's head ſeems 
jointed, as it were, to the breaſt, .as I have 
found in all the dried Scorpions that I have 
ſeen hitherto. In the middle of the breaſt, or 
in the head connected to it, are two eyes; and 
a little further towards the fore parts, there is 
likewiſe another pair of eyes, placed as it were 
in the forepart of the head. Under theſe are 
obſerved two ſhort arms, forceps or pinchers, 
Tab. III. fig. 1. a, which the Scorpion, doubt- 
leſs, makes the ſame uſe of as others animals 
do of their teeth, and with which it breaks its 
food, and thruſts it into its mouth. Theſe four 
ſhort forceps, and the four eyes above them, 
have never, to the beſt of my knowledge, been 
obſerved or deſcribed by any perſon, but 
hitherto entirely neglected. The Scorpion can 
at pleaſure put back theſe forceps or teeth 
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into its mouth, ſo that none of them may be 

men. | 

Under the breaft are eight articulated legs 
bb, each divided into fix joints, the two hind- 
moſt of which are each provided with two 
crooked claws, and the legs have here and 
there ſome hairs. At the foremoſt extremity 
of the head are two flagella or whips, or crooked 
arms like pincers ce, compoſed of four joints, 
the outmoſt whereof 1s fortified, as it were, 
with a thumb, by the contraction of which 
the forceps is formed. This joint is thick and 
ſtrong, and contains ſtout muſcles, as we 
likewiſe obſerve in the claws of Lobſters. The 
belly is divided into ſeven little rings d, from 
the loweſt of which ariſes a tail compoſed of 
ſix joints, which are briſtly and formed like 
little globes e ; the laſt of theſe joints is armed 
with an aculeus f, or ſting. | 

Dr. Redi fays, he ſaw that the Scorpion 
diſcharged a very ſmall drop of water through 
the ſting in its tail; which I ſhould eaſily be- 
lieve, ſince the poiſon infuſed by Bees through 
their ſting into a wound, likewiſe conſiſts of 
a very clear liquor. And this makes me ſuſ- 
pect that the external ſting of the Scorpion, 
in like manner as in Bees, is no more than 
the ſheath, wherein the true aculeus or ſting 
is concealed. I once undertook to examine 
this matter in a dried Scorpion, but fince the 
loweſt ring of the tail, from which the ſting 
hangs, became hard as a horn by drying; I 
could not accompliſh my deſign according to 
my wiſhes. I obſerved therein, however, two 
ſmall tubes, which ſeemed to end in a facculus 
or little bag, that carried, I ſuppoſe, the poi- 
ſon, and had on the fore part two aculei or 
ſtings ; but all theſe things were ſo confuſed, 
that I would not preſume to affirm any thing 
certain concerning them. If I had had the 
Scorpion alive at that time, and ready at my 
hand, it would have been very eaſy to have 
clearly diſcovered this matter. 

In another kind of Scorpion, fig. 11. I ſaw 
that the two foremoſt crooked arms ag differed 
very much from thoſe which I have before 
deſcribed ; for the forceps were, in compa- 
riſon to the former, very ſmall, and ended in 
a ſharp point. On the fore part of the head 
were, like theſe, two forceps or teeth before- 
mentioned ; and above theſe on either fide 
were three eyes, ſo that there were fix in all. 
In all other particulars it was like the former 
Scorpion; unleſs that in the reſt of its limbs 
there was here and there ſome very light dif- 
ference, as is ſeen in the figure. This little 
Scorpion was very delicate, and it may be 
eaſily known, from the ſmallneſs of the for- 
ceps, that this kind have leſs ſtrength than 
thoſe of the former ; but then the longer they 
are, the more conveniently they can take hold 
of their food. | 

As the larger the animals are, we can attain 
to the more accurate knowledge of them; I 
ſhall now repreſent again, in a very large Scor- 
pion, all the parts which I have deſcribed in 
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the two former ; particularly thoſe two briſtly 
teeth, or foremoſt forceps, fig. III. 2, are in 
this ſeen very clearly; as allo its two foremoſt 
eyes b, of which there are fix on each fide of 


the head, ſome gradually leſs than others. In 
the middle of the head, where it is connected 
with the breaſt, are two eyes, which may be 
diſtinguiſhed eaſieſt of all, and which have 
therefore been alſo obſerved by all authors ; 
who, notwithſtanding, ſeem to take no notice 
of the twelve other eyes. 'The head, breaſt, 
belly, tail and ſting, together with the legs, 
forceps, hair and claws, are likewiſe much 
more conſpicuous in this than in the two for- 
mer. The fix joints of the legs are exactly in 
this the ſame as they are in the ſmaller Scor- 
pions. The crooked arms of this alſo conſiſt 
of four joints, and carry forceps of an horrible 


bigneſs; but there is a peculiar difference in 


the tail, ſince it is divided into fix joints in 
ſmall Scorpions, and in this had only three : 
I doubt, however, whether this be ſo by na- 
ture, ſince I think I could perceive that the 
tail had been broken, and glued on again before 
it came to me; but all the articulations were 
not joined together. The colour of this Scor- 
pion is very black, like pitch. 

I have another Scorpion almoſt the ſame ſize 
with the laſt, having a tail compoſed of five 
joints, whereof I have the ſame ſuſpicion that 
I had of the former, that is, that it is not 
natural to it; for I am thoroughly perſuaded, 
that in all kinds of Serpents the tail conſiſts 
of fix joints. The latter was brought me from 
America, but the former very large one, the 
figure whereof I have given before, from the 
Eaſt-Indies. The figure of the American Scor- 
pion is like that from the Eaſt-Indies. Doctor 
Padbrugge, governor of the Molucca iſlands, 
has this year ſent me a drawing of a peculiar 
Scorpion, which was of a light red, but is now 
grown of a blue or sky-colour; its tail is com- 
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— of ſix joints, and in other particulars it 
iffers not from the very large one which I 
be repreſented, only that it is not half fo 
In Holland there is found a certain ſpecies 
of Scorpions, which are very ſmall, and no 
bigger than a Bug; they likewiſe reſemble it 
in the hinder part of the body, which is divided 
into eleven ſmall rings, and wants a tail. They 
have fix legs, each of which conſiſts of four 
joints. The breaſt, which is connected with 
the legs, is diſtinct from the head; the fore- 
E of which has a pointed beak covered with 
ir. They have likewiſe many eyes, which 
are diſtributed over the ſides of the head: the 
crooked arms are placed before the eyes, and 
ſpring from the head like the antennæ or horns 
in Butterflies, being compoſed of four joints, 
including the forceps, the ſtructure whereof 
is the ſame with that of the Scorpion's before 
repreſented in fig. 11. All theſe parts have on 
them ſmall, briitly hairs, and are of the ſame 
colour with the common Scorpions of Germany 
and Italy. The arms befo:e-mentioned are 
very long and large, in compariſon of the ſize 
of this animal ; nor can there be a more agree- 
able ſight than the remarkable motions it 
makes with their aſſiſtance, when it changes 
place, and moves itſelf like a land Crab. This 
inſect is often found in benches, cheſts and cof- 
fers, that have not been cleaned for a long 
time, where, in my opinion, it maintains itſelf 
on thoſe little animals which there multiply in 
the duſt, and of which there are many kinds ; 
ſeizing them, I ſuppoſe, with its forceps, and 
ſwallowing them for food, I have likewiſe 
found this inſe&t in ſcarlet cloth, which had 
been kept long in a cheſt. I have nothing far- 
ther to ſay of this animal ; I have deſcribed it 
according to the parts that I have found in it, 
when fixed on a needle and dried, 


The natural hiſtory of the covered Snail, illuſtrated by accurate drawings. 
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HOUGH the Snail was reckoned b 
the Jews among unclean animals, whic 
they were forbid to uſe as food, they did not 
ſcruple the application of it to other purpoſes. 
The royal pfalmiſt borrows a moral ſimile 
from it, and prays, that the wicked may con- 
«© ſume away like a Snail;” and, however im- 
pure and ſlimy, it muſt notwithſtanding claim 
the conſideration of thoſe, who are deſirous of 
being acquinted with the wonderful works of 
the creation. 
There are many chriſtian nations who place 
Snails amongſt the dainties of the ſecond courſe, 


but they are only thoſe of a particular kind. 


In Holland no Snail is uſed for this purpoſe, 


but the valved kind found in the ſea or other 


waters, the muſcles being of a pretty tena- 
cious ſubſtance. The way of eating them, 
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is boiled and well ſeaſoned with falt; and no 
part of them taſtes ſtrong except the liver. 
Other nations, as the Italians, Germans and 
French, eat the garden Snail, eſpecially at the 
ſeaſon, that, after a faſt of ſeveral months, it 
has cleanſed itſelf of all impurities; for during 
this $ gs there grows upon the mouth of 
the ſhell a covering, compoſed of a ſubſtance 
not unlike plaſter, which hinders the earth or 
any kind of dirt from getting into it. In this 
manner this kind of Snail paſſes more than 
ſeven months, from autumn to ſpring, with- 
out any motion or food. | 
The ſhells, blood, and opercula of the Snail 
kind have likewiſe their uſes in medicine. 
Amongſt the "opercula of Snails, that called 
Blatta chiefly deſerves our attention ; it belongs 
to the Murex or purple Snail, and as it comes 
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to us from Byzantium, a town in Africa, where 
the art of dying purple formerly flouriſhed, it 
has obtained the name of the byzantine Blatta. 
However, this word Blatta is now made uſe 
of, to ſignify the opercula of all kinds of ſhell 
fiſh without diſtinction, though there are ſo 
many and fo great differences in this ſingle. part, 
that an entire treatiſe might be wrote on it 
alone; and certainly ſuch a treatiſe might be 
veep WE well as entertaining. 
My intention, at preſent, is to treat of the 
Snail, known by the name of the vine or co- 
vered Snail, and deſcribe its manner of living 
and propagating its ſpecies, which I have made 
myſelf acquainted with by a yery exact diſ- 
ſection: by means of this, I ſhall, among other 
things, prove, that in this creature both the 
brain and ſpinal marrow have their proper 
muſcles; and ſhall likewiſe ſhew in what 
manner this, in appearance, ſo. contemptible 
a creature is provided, by the greateſt of all 
wonders, with eyes, that may not only be di- 
ſtinctly known for ſuch, but even felt; and 
how it is at once both- male and female in the 
ſame body ; as alſo how it proceeds by genera- 
tion, from an egg, like other animals. Hence 
will appear the folly of that common opinion, 
which makes them proceed from ſlime or mud, 
a fancy which could only find place in the 
empty heads of thoſe, who, inſtead of ſtudy- 
ing God's wiſdom, power, and goodneſs in his 
works, ſpend their lives in reading books which 
ie them, or at beſt, only repreſent 
them at ſecond hand, ſtealing from one another. 
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Hence alſo it will appear, that this animal 
is to be ranked in the firſt ſpecies of my four 
natural orders of mutations, in which inſects 
proceed immediately from an egg, without paſ- 
ſing through any intermediate ſtate, as I ſuffi- 
ciently have deſcribed in the general hiſtory. of 
inſets, | 3 N 

I ſhall here deſcribe that kind of Snail, to 
which the inhabitants of Brabant and Flanders 
have given the Spaniſh name of Caracol. It 
would be an endleſs task to treat particularly 
of every ſpecies of Snail, . Cockle, Periwinkle, 
and other creatures of this kind, that are found 
with or without ſhells, though all belong to 
the ſubject we have in hand; fince for this 
purpole, it would be requiſite to call all nature 
together, and ſearch the ſeas and riyers, and 
every part of the earth. | 
Nevertheleſs, I ſhall take notice, in the pro- 
per place, of what I have oY ſeen 
and obſerved in other kinds of -Snails ; ſuch as 
the houſe Snail, which has a little ſtone for its 
ſternum ; likewiſe the common Snail, which 
we meet with in path-ways, without any ſhell 
like the firſt, I ſhall alſo ſay ſomething of the 
garden Snail, the freſh-water Snail, the Crab, 
or ſalt- water Snail, the mother of pearl, and 
ſome other kinds of Snails, which I have' had 
opportunities of ſeeing and examining. Some 
of theſe live upon trees, and there are others, 


but very ſcarce, which have the ſpiral line 
deſcribed by thin ſhells turned the contrary 
. N 
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Of the ſbell and ſoft part of the Snail in general, and particularly of the four 
horns which ſpring from the upper part of its head, and of the eyes that 
appear in them, with a deſcription of the conſtructiom and motion of thoſe 


parts. 


EFORE I begin to ſpeak of the body, 
or ſoft part of this creature, I ſhall ſay 
ſomething of the ſhell or hard part: this is pre- 
poſterouſly called its houſe, if we take that 
word in its proper and common ſignification, 
ſeeing it is the very skin of the Snail, without 
which it would be as impoſſible for it to live, 
as for a Lobſter, or a man who had been 
flayed, or a tortoiſe drawn out of its covering. 
This cruſt therefore ought to be conſidered as 
the bone of the Snail, in which all its muſcles are 
inſerted, as the muſcles of quadrupedes are 
fixed in theirs. This is very obſervable in ſea 
Muſcles, as I ſhall in its proper place accurately 
demonſtrate. 
To paſs now to the ſoft part of the Snail's 
body; it is to be obſerved, that what appears 


of this part, when it moyes forward with its 


ſhell, is about three inches and a half long, and 
almoſt two inches broad. In the fore part of 
its head appear four horns, two greater, 


Tab. IV. fig. 1. aa, and two leſſer bb, without 
any ſpots at their extremities. Under theſe horns 
we may perceive its external lips, and its 
mouth c, and between the firſt and the ſecond 
horn is the perforation d, from which iſſue 
the organs of generation, when they ſwell u 
for that purpoſe; at other times this hole is 4 
nicely cloſed as not to be diſcernible. Behind, 
towards the edge of the ſhell, is a thick border 
or lip, which on every fide, both within and 
without, adheres firmly to the external edge, 
and internal ſurface of the ſhell; but this 

is like the skin, which in naked Snails hangs 
under the fore part of the body; and under 
which, as under a veil, they hide their head 
and horns when they are touched. In this lip 
or border there are on the right fide two 
openings, one of which F ſerves for the crea- 
ture to diſcharge its excrements, and the other g 
to breathe. In the body there evidently appear 
thoſe flat and broad fringes bb, by the wp 
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of which, chiefly, the creature moves: they con- 
fiſt of very ſtrong muſcles, for which reaſon I 
call them the Snail's feet, as reſembling in ſome 
meaſure the feet of Bats and Ducks ; whoſe 
claws are connected to each other by a mem- 
brane. This ſort is chvered underneath with 
a thin skin, and the upper part is bent, with 
a number of glandulous ſpots or warts of dif- 
ferent forms, amongſt which there run a great 
many veſſels: but I ſhall hereafter ſpeak more 
at large of theſe particulars. f 

Fig. 11. If after having taken the foregoing 
ſurvey, we entirely ſtrip off its ſhell, or rather 
ſtony bone c, from the tender part of its body, 
we ſhall find the fleſhy part which heretofore lay 
hid, is exactly of the ſame ſpiral form and 
ſhape, fig. 1. &, with the ſhell that covered 
it, but then it is perfectly tender, without the 
leaſt ſenſible hardneſs. | 

Here all the inteſtines, in a manner, appear 
through the extremely thin and tranſparent 
membranes of the body, which are all over 
ſpread thick with veſſels: for the hard ſurface 
being once removed, the leaſt puncture made 
in the skin that remains, is followed by the 
effuſion of the Snail's blood, like a mucous hu- 


mour, of a pale purple colour. This can only 


by a great number of veins and arteries, ſo that 
on dexterouſly clipping the ſmalleſt portion of 
its foot or border, you may perceive little 
ſtreams of blood iſſuing from the wound. 
To remove the ſhell or bone of the Snail, 
it is beſt to uſe a pair of flat pincers, by means 
of which the ſhell or bone may be gradually 
broken and torn away, till we come to the part 
where the muſcles of the body are inſerted 
into it, Tab. VI. fig. 11. a. The tendons of 
theſe muſcles muſt afterwards be ſeparated by 
a flat ſpatula ; we muſt then proceed as we 
begun, by gradually breaking and tearing away 
the remains of the ſhell, till there are but one 
or two twiſts left; out of which the little tail 
in which the body terminates may be then 
drawn without any difficulty. 
All the four horns, Tab. IV. fig. 1. aa, bb, 
agree with the upper part of the skin of the 
body, in being adorned with little glandulous un- 
equal grains, fig. v. eee, like ſo many warts; 
but thoſe on the horns appear the ſmalleſt and 
molt exquiſitely divided. The horns them- 
| ſelves, when viewed through a microſcope, 
look as if they conſiſted of a greeniſh tranſ- 
parent ſubſtance, like veal gelly, through which 
appear ſome whitiſh ſpots ; theſe I take to be 
the glands made uſe of by the creature for the ſe- 
cretion of its ſlimy or mucous humour. This 
ſlimy matter ſerves to moiſten conſtantly not 
only the whole body, but the horns; and in 
my opinion, the conſtant moiſtening of the 
latter is extremely neceſſary, conſidering how 
often and how ſwiftly the Snail is obliged to 
ſtretch them out and pull them back again; an 
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happen from the body's being all over pervaded 
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exerciſe which, without ſuch a » 


to keep them ſlippery, could never be per- 
formed. 


Though all four horns are very remarkable, 


the two uppermoſt and longeſt deſerve our par- 
ticular conſideration, both on account of the 


power of motion given them by the ſupreme 


architect, which is very ſingular, and exceeds all 


human art; but more eſpecially becauſe they 
have evident eyes, appearing like two blackiſh 
points, in their extreme ends: they at times 
ſtretch theſe eyes in a manner not to be de- 
ſcribed, yet by a regular motion, out of the 
body; and ſometimes they hide them by a very 
ſwift contraction in the cavity of the abdomen. 

I know, indeed, that many who have laboured 
to inveſtigate the nature of theſe little creatures 
from fpeculation only, have given the name 
of eyes to theſe blackiſh ſpots viſible in the 
tips of the horns; but their own fancy has 
* made thoſe very perſons change their 
opinion, when they ſaw that the Snail ſtruck 
thoſe horns almoſt againſt every object, and 
that they ſhewed no ſigns of quickneſs of ſight. 
But the knowledge of nature cannot be ac- 
quired by reaſoning only, for unleſs we make 
experience go hand in hand with reaſoning, we 
ſhall err all our lives*. I ſhall therefore lay 
aſide all conjecture, and deſcribe theſe eyes and 
their membranes, humours, muſcles and nerves, 
as I have ſeen them, that the hidden, and for 
ever to be celebrated miracles of God may be 
made manifeſt to all lovers of his works, who 


have not opportunity to ſearch themſelves into 
theſe matters, 


Thoſe who thirſt moſt after true knowledge, 
are with reaſon afraid, leſt the poiſon of falſi- 
ties ſhould be offered to them, inſtead of the 
food they ſeek of true knowledge, 

To methodize and ſet all theſe things in a 
clearer light, I have ſubjoined the figures of all 
theſe pon immediately after their deſcription. 
The firſt thing that deſerves notice in the ex- 
amination of the upper horns, is their extre- 
mity, in which three particular little parts are 
obſervable. The firſt of theſe little parts is 
placed in the middle, and is a very black ſpot, 
Tab. IV. fig. 1. ag. This is the real eye of 
the Snail, fig. v. 4. The ſecond is the optic 


nerve of this eye 6, which, by a certain produc- 


tion like a little globe, ſwells and appears 
through the skin. The third, conſtitutes the 
extreme end of the muſcle of the eye c, where- 
by the external skin, which is equally extended 
thereon, is firſt bent in or drawn back, when 
the Snail endeavours to draw its eyes into its 
body. This motion always begins about that 
part or diviſion of the eye d, which lies in the 
middle between the muſcle and its nerve. But 
as the apex or end of this muſcle is ſomewhat 
more prominent than the eye or its muſcle, it 
therefore ficſt receives all injuries, whenever 
the creature happens to ſtrike its little horn 


* Perrault, after many obſervations, expreſſed his doubts, whether Snails had really any eyes or not; and Dr. Brown has 
placed his opinion of their having any among vulgar errors: but this author's obſervations are confirmed by many ſubſequent exa- 

minations ; and very lately, Dr. Peterfield has ſhewn, they are to be ſeen very diſtinctly. His account is publiſhed in the 
Edinburgh eſſays. | 
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againſt any thing. Thus the eye is defended 
and kept ſafe. Moreover, theſe extreme ends 
of the horns are ſtretched ſmooth, and have a 
bright ſurface, ſomewhat red, and full of pro- 
minences or little warts; but the glands eee ap- 


to be ſituated a little lower, between the 


lobular production of the horn, and they are 
ikewiſe divided on the infide by very ſmall 
whitiſh points. The furrows or ridges viſible 
at the bottom between theſe glands, are the 
veſſels which carry the glutinous humour to all 
theſe , and again bring it back from them, 
And that theſe muſcles and nerves may lie con- 
venient, the whole horn is hollow f on the 
inſide ; fo that if it be diſſected tranſverſely, the 
extremities of theſe parts preſent themſelves on 
the inſide. | 
To have a more clear idea of this matter, it is 
neceſſary to open the Snail, for which purpoſe 
you muſt have a ſmall and ſharp-pointed pair 
of ſciflors; one of the points of theſe ſhould 
have a little ball made of ſealing wax fixed on 
it, to prevent the inward parts from being 
wounded. Then, after opening the middle of 
the back, the body muſt be cut to the verge of 


the Snail, Tab. IV. fig. 1. e; after this direct 


the ſciſſors forward, and diſſect the skin as far 
as the fore part of the head, between the two 
upper horns. The diſſection being thus made, 
the firſt-thing to be met with, immediately 
under the skin, is a certain muſcular delicate 
membrane, which is very thin and fine; it 
covers all the inward parts, and is provided, 
here and there, with muſcular fibres, which 
run acroſs from one fide of the body to the 
other, and are inſerted into the fides of the 
ſhell; you may alſo then ſee the ſtomach, or- 
gans of generation, and the like. Afterwards 
the brain, which lies on the upper =u of the 
ſtomach and over the gullet, preſents itſelf; 
and immediately afterwards, the horns them- 
ſelves drawn back, with their muſcles in the 
abdomen. 

Having thus briefly touched upon theſe mat- 
ters, I ſhall proceed to explain and deſcribe by 
figures, how theſe four horns, Tab. IV. fig. vi. 
I, 2, 3, 4, are circumſtanced, when they are 
drawn into the body, and their inward ſides are 
turned out; for which purpoſe, each of the horns 
has its proper muſcle. The two upper and largeſt 
horns have their particular muſcles aa, each of 
which is connected by its proper tendon to the 
two muſcles which move the middle of the body, 
and theſe are afterwards with them inſerted by 
their tendons into the ſpiral part or folding of 
the ſhell, Tab. VI. fig. 11. bb, un, a. 

The two lower horns, not being of ſuch im- 
portance as the upper ones, are provided with 
two ſmaller muſcles 56, which ariſe from the 
larger cc, and draw in the lips of the ſnail. 
This is likewiſe repreſented in Tab. VI. fig. 11, 
ll, mm. | 

The manner in which the horns are twined 
and ſtretched out of the body, is a much more 
difficult thing to be deſcribed ; though I think, 
indeed, that the inward coat, or muſcular part 
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of the horn, performs that office, with the 
aſſiſtance of ſome other ſmaller and adjacent 
muſcles, as well as ſome ſtronger ones, whereby 
the fore part of the head, and the skin of the 
ſnail is moved towards the outſide. The true 
action, which I think the inward annular 
muſcles have, ſeems to conſiſt in this, that 
ſome of them are ſucceſſively contracted and 
ſtiffened after others, by which means the horn 
is continually rolling out, and one ſmall portion 
of it is puſhed after the other; to this action, 
the periſtaltick motion of the inteſtines, as far 
as the latter is performed by the contraction of 
the annular muſcles, bears ſome, though per- 
haps a diſtant, reſemblance. | 

But the optic nerves deſerve more conſidera- 


tion, both on account of their texture and their 


motion. Before I deſcribe theſe, I ſhall take 
occaſion to ſay ſomething of the brain, from 
which they ariſe. The brain 4 conſiſts of two 
globular little parts, and, by this property, is 
divided into two portions, as it is in man. 
The firſt is placed in the head ; but becauſe 
this, as well as all the other parts of the ſnail, 
is, in a wonderful manner, moved ſometimes 
backward and ſometimes forward, no fixed 
or certain place can be aſſigned to it. I there- 
fore ſhew both the brain and optic nerves in 
the ſituation wherein I have delineated them. 
The hinder part of the brain, is drawn in 
Tab. IV. fig. v1. e, to theskin of the ſnail's head, 
and is ſituated a little above its ſhining tooth /; 
for the brain, together with all the parts of the 
ra and mouth g, and alſo the ſtomach and 
alival veſſels ii are driven to this depth into the 
body, by the ſtrength of a muſcle appointed 
for that purpoſe; but when all the parts are 


again rolled or turned out, we may then fay, 


the brain is placed at the fore part of the head. 


Hence it is evident, that the motion of the 
brain in this creature ought to be obſerved as a 
thing worthy of the higheſt admiration ; 
wherein both the wiſdom and infinite power 
of the almighty are manifeſt: ſince he has 
been pleaſed to render this part, which in 
man and other animals he made immoveable, 
by encloſing it in a hard bone, capable of mo- 
tion in the ſnail, by the power of its muſcles. 
The optic nerves of the firſt pair of horns 
having ſpiral originations &, ariſe on both ſides 
from the brain, which has been ſo contrived 
by the omnipotent wiſdom of God, that they 
might conveniently obey, and evolve or turn 
themſelves out, when the horn is, in ſo ſtupen- 
dous a manner, protruded forth out of the body; 
and to prevent the leaſt diſorder from this 


egreſs and regreſs, the omniſcient creator of the 


univerſe - hath involved and fortified theſe 
nerves with ductile membranes // and ligaments, 
with ſo much art, that no ſuch diſorder is ever 
to be feared. Nay, leſt this nerve ſhould be in 
any danger, when it is turned up and down 
inwardly in the cavity of the moveable horn, 
the wiſeſt of all architects has conſtructed 
that part of the muſcle which is fixed to the 
extremity of the horn in ſuch a manner, that 
at 
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at the ſame time it performs the office of a 
cheath or caſe, wherein m the nerve lies in 
rfect ſafety, ſo that it appears to be faintly 


Liable through it; it may, however, be 

diſengaged from this covering, and then its 

ſpiral windings appear ſo admirably conſtruct- 

ed n, that any perſon who contemplates this 

prod'gy of nature, muſt be aſtoniſhed and 
ck with amazement. 

That muſcular, and at the ſame time mem- 
branous, little which covers the nerves, 
is ſo tender in this place, that it may be oy 
eaſily ſeparated, and divided into parts, wi 


the point of a needle, or with an ivory bod- 


kin ; after which the muſcle reſembles as it 
were a grey delicate membrane, Tab. IV. fig. 


vi. o. The nerve itſelf ſwells by degrees into 


a globular form p, at the end of which is 
placed an eye 10 of which I ſhall preſently 
ſpeak particularly. 

The little nerves 4 of the two lower horns, 
do not ariſe directly from the brain, but have 
ſome parts intervening ; but as to the twiſted 
nerves. 5, which are conveyed towards the 
fore part of the skin, to the root or baſis of 
the horns, they have there the ſame texture 
with that of the nerves that belong to the 
upper horns, though they have no eyes in the 
ends of them. The ſame order, in every 
reſpect, the ſame wiſdom and providence, are 
manifeſted in the conſtruction of theſe lower, 
as we have before mentioned in relation to 
the upper, pair of horns. 

The two ſmaller of theſe little nerves 
ſpring immediately from the baſis of the brain, 
and are diſpatched in the ſame manner as to 
the larger horns f. In fine, all the muſcular 
arts of the palate, mouth, and jaws, which 

ſhall hereafter deſcribe particularly, are 
furniſhed with two ſmall nerves v, which ad- 
miniſter to their motion ; theſe I have repre- 
ſented in Tab. VI. fig. 1. at the letters þb, 
where may. be ſeen the method in which 
they are bent, when the brain is moved for- 
ward. 

Fig. vii. a. The eye itſelf is very conſpi- 
cuous, and in ſome degree of the form of a 
round onion; but is a little flatt or ſmooth on 
the verge, and ſwells ſomewhat into a point 


where the fight is exerted. But I could not 


obſerve that the eye has more than one coat, 
which covers it on the inſide, and which I 
call the uvea; if this uvea be in the leaſt, 
ever ſo lightly, touched, it makes the place it 
lies on very black, like ink : this I ſhall ſhew 
more clearly hereafter, for I now only deſcribe 
the eye, as it appeared to me through a mi- 
croſcope. I here likewiſe ſhew the grey 
muſcular membrane 4bbb, which covers the 
eye; and I alſo exhibit the manner, wherein 
the circumference of the eye is connected 
with it: the optic nerve c is here repreſented 
likewiſe larger than natural, and its texture 
and form are ſhewn; and after what manner 
the eyes are placed thereon. Here is likewiſe 
ſhewn how the inverted horn d is connected 
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to all theſe parts, and the cavity e it paſſes 
through; as alſo after what manner, and in 
what place, it is protuberant f, on account of 
the muſcle which draws it back into the 
body of the creature; and which is there fixed 
in the end of it. 
I have obſerved five diſtinct and viſible 
in the eye of the Snail, as clear as the 
un at noon ;- firſt; the external coat, which I 
call the uvea ; afterwards on the inſide, the 
aqueous, the line, and the vitreous, 
humours, with the arachnoide tunic. But 
who can credit this? for it ſeems indeed im- 
probable that on a point not bigger than the 
nib of a writing pen, ſuch Cie art, and 
ſo many miracles, ſhould be diſplayed: But 
what is there that equals the power of God, 
who is the contriver and creator of all theſe 
things? nor can there be any room for chance 
here, unleſs in the opinion of thoſe, who 
deſtroy and reject the ſteps of natural know- 
ledge, leſt they ſhould aſcend in her paths, 
and be led to the wiſeſt of architects; and, by 
contemplating even the moſt minute of his 
works, be incited to proſtrate themſelves with 
a ſacred reverence, and moſt profound humi- 
lity before him, bidding adieu to their own 
opinions and former life, which, without 
the love of God, has been hitherto addicted 
only to the world. a 
If the uvea be viewed with a microſcope, 
it has the appearance of a turnip roaſted in the 
fire, until it is very black, and burſt in ſome 
places; and has ſome viſible ſmall fibres, which 
connect it with the adjacent parts. But when 
this oy and its coat are put, with a very fine 
pencil, into the fourth part of a drop of water, 
for more water would overflow it, and, after 
ſtirring them a little, they are cautiouſly and 
ſlowly touched; the water at length becomes 
black likewiſe, and ſhews the remains of the 
"ks ny ſwimming in it: the fame thing will 
appen alſo if an experiment be made on the 
uvea of the human eye. But when all the 
moiſture is wiped off clean, and a little wound 
is made in the eye with two fine and very ſharp 
needles, Tab. IV. fig. vIII. 2, the aqueous & hu- 
mour will be obſerved to burſt out from thence. 
If this eye be afterwards preſs'd more roughly, 
you will ſee a more clammy humour iſſuing 
from thence c; which is properly the vitreous 
humour. And laſtly, after that, the chryſtalline 
humour, which is of a harder conſiſtence, and 
of a plane round figure 4; it is limpid, tranſpa- 
rent and ſhining ; but it does not run out, until 
you break the arachnoide coat, which covers 
it, and which is the fifth part of this eye. From 
theſe obſervations we learn clearly, how © the 
* inviſible things of God, from the creation of 
5e the world, are clearly ſeen, being underſtood 
« from the things that are made, even his eter- 
% nal power and godhead, fo that they are 
without excuſe, becauſe that when t 
* knew God, they glorified him not as God.” 
© Rom. i. 20, 21, | | 
| The 


vary, 
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The grey coat, Tab. IV. fig. vii. %, which 
is the expanſion of the muſcle of the eye, and 
may be very much dilated and contracted, 
ſeems to me to move various ways ; nay, that 
it ſerves as a cover like our eye-lids ; but the 
bigneſs or ſmallneſs of the pupil or foramen, 
or aperture of the uvea, and in what manner 
it is contracted or dilated, as light and objects 
I have not hitherto been able to ob- 
ſerve, nay, I never yet ſaw the pupil of the 
eye in a Snail; nor ſhould any wonder at this, 
if in the human eye, though ſo big, the foramen 
or aperture of the pupil is no larger than a Pidge- 
on's quill; what a ſmall and fine aperture then 
muſt the pupil have in this little point, and how 
few rays can paſs into it? however, I don't doubt 
but the pupil is contractable and dilatable ; for 
I have obſeryed the ciliary duct there, by 
which, when the pupil is dilated, the eyes of 
. the Snail can receive the humors, and collect 
external viſible objects, which, after paſſing the 
humors, are afterwards received in the retina, 
placed underneath at the bottom of the uvea, 
by the optic nerve ; which is the cauſe of vi- 
ſion. Hence it may, perhaps, be juſtly in- 
ferred, that the ſight of the Snail muſt of ne- 


G 


all the attempts = 
the eye of the Mole J have likewiſe ſeen, even 
without a microſcope, the three humors before- 
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The uſe of the eye in the Snail, and the 
manner wherein it exerciſes its viſual faculty, 
is a matter of hoy difficulty to N 


ceſſity be very dim; for we ourſelves do not 
ſee clearly in the day- time, if we into a 
houſe out of the open air; the pupil of our 
2 is by that contracted in ſuch a manner, that 
ewer rays of light are collected in our eye. 
Nay, perha I 
rays of light and objects but at a diſtance,” ? 

and only ſees them through a cloud as it were, 
and cannot diſtinctly know them near at hand; 


as the man born blind is ſaid in the goſpel to 
I could not 


have ſeen men like walking trees: 
at leaſt hitherto obſerve, that the Snail ſees well 
the things which are near it, notwithſtanding 8 
I made for this purpoſe. In 


mentioned, but they are there 
to be diſtinguiſhed, though it is probable even 


this creature cannot ſee diſtinctly under th 


earth, 
I ſhall conclude this chapter with admiring 


the ſtrange and remarkable things which I has 
ſhewn in it, from the cleareſt experiments, 
and which ſeem to me the more admirable, x 


the more diligently I meditate upon them: 
God truly every where ſhews that he is worthy” 
of the moſt humble adoration in all his works, 
which we may and ought diligently to ſearch 
into, but can never fully comprehend. 


II. 


Of the lips, mouth, teeth, tongue, palate, eſophagus or gullet, and certain 
enuſcles of the Snail. 


ETWEEN the two lower horns of 

this creature are ſeen its lips on the out- 
fide, Tab. IV. fig. 1. c, and whilſt the Snail 
draws them aſunder, the intermediate skin is 
obſerved to be ſet like the edge of a ſaw, as 
it were with prominent little teeth. This can 
never be ſeen better than while the Snail is cating, 
or when the mouth, palate, and jaws, together 
with the outward skin, are taken off and diſſected. 
In this caſe, Tab. V. fig. 1. the teeth þ imme- 
diately appear behind that skin a; and in a 
boiled Snail they are rendered very viſible, 
Tab. IV. fig. Iv. 7, becauſe the skin and lips be- 
come thus contracted. Theſe teeth are con- 
nected by a certain horny concretion, Tab. V. 
fig. 11. a, the teeth themſelves being all made 
of a horny ſubſtance ; and they are of a light 
red colour, Since therefore all theſe teeth are 
connected one with the other, they ought to be 
eſteemed, in ſome meaſure, as one tooth. They 
are eight þ in number, and ſome are larger and 
more prominent than others, as appears by the 
microſcope. This little part is made in the 
form of a circle c, its convex ſide lying on the 
inſide upwards, towards the ſkin, to which 
it is ſtrongly connected; but its toothed 
concave fide, with which it bites, is di- 
rected on the outſide, In the middle of the 


convex ſurface of this tooth, there 1s a ſmall 
furrow, in which ſome of the muſcles that 
move the whole are fixed, The tooth after- 
wards becoming inſenſibly membranaceous, ex- 
pands itſelf like a pretty large pyramid or bod- 
kin, fig. 1. c, and in that form conſtitutes 4 
great part of the palate, which, on each fide 
of this expanſion, 1s beautifully variegated with 
ſmall ruddy points: theſe here and there ſhew 
little parts that are ſomewhat hard, and of a 
horny ſubſtance, and ſerve to prevent the in- 
ward part of the body from being wounded 
or hurt, in caſe the Snail ſhould at any time 
ſwallow any thing too hard or rough. But this 
cannot be ſeen, unleſs the inward parts of the 
mouth be firſt diſſected, and taken out ſepa- 
rately. Then two ſmall, narrow holes or aper- 
tures d are ſeen on the upper and under part in 
the palate, which convey the ſaliva out of its 
ducts into the mouth. 

In the lower part of the mouth, or where 
our lower jaw is placed, are, in the Snail on the 
fore part, two ſmall fleſhy ſubſtances e, which 
may be called the inward lips, for they cons 
tribute greatly to direct the paſſage of the foods 
that is, to carry it towards the gullet, and thrulf 
it down. Behind theſe, a certain very delicate 
and tender membranous crooked cartilage pres 


e Snail does not receive the 
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ſents itſelf to view; at the loweſt and inward 
part of which the tongue, Tab. V. fig. III. a, 
and its muſcles take root. The tongue itſelf 
lies under the concave fold or winding of this 
cartilage, fig. 1. 2 and is covered therewith 
when. the Snail {wallows its food, juſt as the 
epiglottis in us covers the top of the aſpera 
arteria or wind- pipe, when we are eating, leſt 
any thing ſhould flip into the wind-pipe. This 
rexture of the tongue in the Snail approaches 
nearer to that of the tongue of the Serpe! 

kind, which in the fame manner ſhuts itſelf 
up in ſuch a cavity. The tongue of the Snail 
is thus placed in a remarkable cavity, and its 
baſis or root lies in the cavity of the neck to- 
wards. the belly, where it is obſerved to ſ 
like a ſpheroid or oblong globe, fig. 111. 5; 
but a little on the inſide of that part where 
the tongue appears, there is ſeen a very delicate 
muſcle, which draws the tongue together with 
the whole mouth, te, jaws, and even the 
brain itſelf, inwardly into the belly, or at leaſt 
into the neck. See Tab. IV. fig. vi. and 
Tab. VI. fig. 1, % 4.8. 

On the tip of the tongue of the Snail c, 
there is a little horny bone, cut, as it were, 
into two or three very tender little teeth; with 


S A 


hemp- ſeed. Theſe 
three muſcles remarkably delicate, by the aſ- 
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which, as with a hook, the Snail, When it is 
about to eat, firſt lays hold of the ſmall herb, 


and immediately after ſuddenly ſnatches and 
pulls the piece into its mouth; afterwards it 
nips them pretty faſt with its teeth; fo that the 


noiſe it makes in biting and eating may be 


ſometimes heard very diſtinctly. The Snail 
will ſometimes ſwallow a piece as big as an 
of the mouth have 


ſiſtance of which they are, at the creature's 
pleaſure, moved our of the cavity of the body. 


heſe muſcles are fixed in the lower fide of 
theſe 


d, which are repreſented inverted 

in this figure. As theſe creatures are mo 

immoderate devourers of vegetables, the keep- 
ers of vine-yards in the wine countries anxi- 
ouſly gather them, when the vine puts forth its 
tender buds and firſt leaves, and tread them 
under foot. This I have ſeen tranſacted as a 
work of great conſequence in France. We 
may therefore reckon Snails as a part of the 
hoſt of God, wherewith he can chaſtiſe bad 
people in the fame manner as he did the 
Agyptians, with yoracious inſects of the fame 


nature. | 


r 


Of the taſte, full, and certain aftions of the Snail, 


For a conſiderable time kept in my cham- 

ber, and provided: with neceſſary food, ſe- 
veral Snails: theſe were incloſed in a box, 
placed in a wooden bowl, and covered with 
a mat full of holes, through which they could 
ſtretch their necks, that I might be able to find 
out their manner of acting, and ſometimes 
view them with a microſcope. I fed them 
with radithes, lettuces, ſorrel, mallows, and 
other ſucculent and dried vegetables, which, 
after keeping them a little in water, I gave 
them freſh every evening; for they naturally 
eat in the morning and evening, and they love 
juicy and freſh herbs much better than old 
and withered ones. From this I obſerved, that 


they had à nice appetite and taſte, as well as 


other creatures, for which purpoſe they have 
alſo guſtatory nerves.  * 0 * 
They have likewiſe a very quick ſmell: this 
I obſerved, when I moved a little freſh food 
towards them, for they immediately perceived 
it by the ſcent, and "crept out of their little 
ſhells and came to it. Thus they were kept 
alive; but as they were in a dry place in my 
chamber, I at length obſerved they did not 
thrive there for want of dew and rain; nay, 
that ſometimes they loſt their appetite, fince 


they would lie contracted within their ſhells, 


and were hidden entirely in their horny ſkin. 
But I at length found out a method of giving 


them rain, as'it were; which I did, that they 


might come into the light again, and ſeek 


ſuch food as I laid before them. From this 
I obſerved how little we are able to do by our 
own boaſted powers; who, from our very mi- 
ſerable infirmities, cannot, I will not ſay, make, 
or even accurately examine, but ſcarce can with 
our beſt diligence give theſe animals due food 
or nouriſhment. . // - 

In order to give them water in the manner 
before mentioned, I made uſe of a braſs tube, 
to which was annexed, by a worm, a ſmall 
globe of the ſame ſubſtance, which was pierced 
with fine ſmall holes, and had been originally 
made for the purpoſe .of watering ſome plants, 
for feeding other inſets. This machine forms 
a very beautiful kind of rain, that falls in little 
drops. As ſoon as the Snails feel this little 
rain, they immediately begin to creep: in the 
mean time, it is-pleatant to ſee with what ve- 
locity they can turn in. their little horns, and 
hide them in the inſide of their body, as ſoon 
as the little drops fall upon them; ſo. exquiſite 
a ſenſe have they in theſe tender parts, and in- 
deed the whole body. This creature is very 


timorous, and retires into its ſhell, when it finds 


itſelf diſturbed. by the leaſt thing that it is not 
uſed to. If it be ſtruck or handled, it not 
only retires. very haſtily into its ſhell, but it 
immediately covers its whole body with a glu- 
Whether Snails have the ſenſe of hearing, I 
could not diſcover by experiment ; indeed, I 
have not obſerved any ſign of it in them, 
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though 1 have made a very loud and harſh Camelion. 


- 
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noiſe about them. I find, however, that many Frogs and Fiſhes: have this ſenſe; nay, Fiſn have 


creatures, to whom' authors have denied this a wonderful 
faculty, enjoy it perfectiy ; for example, the purpoſe. & 
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Of the ds and uſe | the v e or lip of the Snail, and of its reſpir 
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and voice, with other experiments: 
in the place of feet. 


AVING deſcribed the on 
and feeth, and treated of the 


taſte of the Snail; it is proper I ſhould now th 
fig. iv. 4: for as the Snail rolls its body out of 


generation occaſionally diſcloſe themſelves. the ſhell, ſo in proportion it drives the air into 


o_ of the aperture, ern: which the 
0 
This I ſhall conſider, when I come to ſpeak of 
thoſe parts themſelves, but previouſly to that, 
I ſhall fay ſomething of its lip, or the fleſhy 
verge at the head, and of the apertures in it, 
as alſo of the fringed margin of the body, and 
the little excreſcences viſible on thoſe parts, 
and of the veſſels that run between them. 

Tab. IV. fig. 1. The verge that ſurrounds 
the whole body of the Snail is not ſo broad 
within as on the outſide, and is connected 
cloſely to the extremity of the ſhell both in- 
wardly and outwardly. As this is provided 
with a great number of muſcles, it accordin 7 
acts with various motions, ſuitable to the dif- 
ferent intentions of the Snail. Hence it is, that 
its true figure cannot be determined, for it is 
continually contracting, expanding, and chang- 
ing its form. Where it is annexed to the 
upper part of the Snail's body, it exhibits two 
ſingular incifions like two little tongues; and 
underneath the right fide of the belly, it has a 
remarkable aperture, Tab. IV. fig. I. g, which 
ſerves to take in air; beſides which, it has 
another f, whereby the feces or excrements are 
voided, as if by a ſmall, oblong and curled in- 
teſtine. The colour of this verge is white, 
with certain yellow ſpots, grounded, as it were, 
on a pale tranſparent green. On the inſide, 
where it is joined to the ſhell, it is of a black- 
iſh colour, ſomewhat approaching to blue. It 
has different uſes, as appears both from what 
has been hitherto ſaid, and from what I ſhall 
hereafter obſerve, when I come to treat at large 
of the Snail's bone. 

On the inſide, this verge is arched, as it were, 
and reaches with its cavities upwards, towards 
the pointed extremity of the body, to the 
windings of which, theſe cavities are adopted. 
Above, in the inward ſurface of the border, there 
are ſeveral veins, Tab. V. fig. Iv. a, which 
run there naked or uncovered. But below in 
its cavity, almoſt underneath, on the left fide, 
and in the declivity of the body, is placed the 


ſmell and 


labyrinth of the car for that 
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fouh," heart and its veins ate cbt) ebenen 


with the air, which the Snail impels into it 


rough the aperture of 'its verge, Tab. V. 


the cavity of its verge; and again, according 
as it draws back its body into the ſhell, fo it 
likewiſe s the air from thence. This may 
be eſteemed ſomething analogous to reſpiration, 
as I have ſhewn in the year 1667, in my 
treatiſe on that ſubject, and exemplified parti- 
cularly in the caſe of the garden Snail. | 

When the Snail has crept out of its ſhell, and 
is put into water, the air contained in the cavity 
of this verge makes it ſwim on the ſurface ; 
but when the Snail is within its ſtony ſkin, 
and the cavity of its verge is cloſed and com- 
preſſed, it finks to the bottom, if it be thrown 
into the water. But if the Snail, as it lies in 
the water, creeps again out of its ſhell, the 
cavity of the verge is immediately filled with 
the water ruſhing into it, which then does the 
buſineſs of air, which would have been im- 

lled thither; hence it happens, that by a new 

ind of reſpiration, this water is ſometimes 

moved within and ſometimes without the ſhell, 
according as the Snail rolls its body out, or 
draws it into it. 

The Snail has no voice, nor makes any noiſe, 
except that it produces a kind of hiſſing when 
touched with a ſtick, or any thing elſe, and 
ſuddenly draws in its body; for then, as the 
aperture through which the air is conveyed, is 
in a manner ſtopt up, it cannot readily get 
out ; and this cauſes the hiſſing ſound. 

Sometimes it happens that, do what we will, 
we cannot get the Snail out of its ſhell, in 
order to make this experiment, by which we 
might ſee that the air is forced into and out 
of the body, through the aperture of the verge. 
But if you have a mind to make the experi- 
ment, and obſerve in what a wonderful man- 
ner this aperture then ſhuts and opens itſelf, you 
muſt ſtrike the ſhell a little on the hinder part 
with the back of a knife; then immediately 
the Snail, compelled to it by the pain that it 
feels, will creep forward; and will plainly ſhew 
the opening through which the air pales, toge- 


heart c, which may be ſeen to beat, even through ther with the manner of its reſpiration... | ci 
the external ſkin, before that part is taken off: The extreme fringed margins of the body la 
I have therefore marked its figure from the are planted as it were with numerous glandu- 
origin with points, Tab. V. fig. iv. / This lar tubercles or excreſences, Tab. IV. fig. 1. , th 


from 


The HATS T © ag HH INS COCTS 5 


Theſe tubercles are. covered with a great num- 
ber of veſſels, which run between and furniſh 
them with matter for the ſlimy humour. 
Theſe glands project beyond the ſurface of the 
skin, and are covered as it were with white 
tranſparent points, between which, as between 
ridges, or in furrows, the veſſels are ſeen. to 
creep. This order is contrary to that which 
the all-wiſe Creator of the world hath choſen 
in the leaves of trees; for in the latter, the 
veins and nerves are uſually ſomewhat promi- 
nent, and the ſucculent part is and 
placed between them. 

The greateſt-part of the ſubſtance of theſe 
margins conſiſts of three membranes, 
The firſt and uppermoſt of theſe is a: glandular 
skin; the middle one is a glandular, but thin, 
membrane; and the loweſt is a ſomewhat 
thicker membrane ſmooth and ſlippery. Under 
theſe the body of the Snail is interwoven with 
ſtrong muſcles, by the help of which, and 
with a ſingular kind of motion, reſembling, 
as it were, the waves and billows of the ſea, 
it moves at pleaſure its ſhell and whole body. 
Theſe fringes therefore perform the office of 
feet in this little animal, and they may- be pro- 
perly called the general foot of the body. This 
whole part is tender and ſpungy ; yet, when it 
is pricked winh a needle, it can contract its 
muſcles with ſo much force, that it draws up 
. re e 
as . 


The part of the body which lies under theſe 
is very white, and is covered with an even 
skin, which ſeems to me more tender than the 
former; but it is glandular like that, and is 


fitter for motion, by reaſon of its fineneſs. If 


the Snail be ſuffered to creep, this motion may 


be obſerved beautifully; for if the glaſs 
as the Snail is | 


be inverted, ing on it, this 
admirable motion will be perfectly conſpicuous: 
it reſembles ſniall waves, which, when agitated 
with a gentle wind, flowly follow each other; 
nor can I explain this motion by a more proper 
exam 

2 the motion of the animal ſpirits being 
obſervell, like ſmall globules moving from the 
head to the tail, and again from the tail to the 


head, in a naked Snail thrown into the water; 


it is indeed a mere chimerical notion, invented 
by thoſe philoſophers who make no experi- 
ments to guide them, but grow pale over their 
books only. The reaſon of the appearance 
which gave birth to the opinion, is this, that 
when the Snail is thrown into the water, ſome 
air always remains fixed in the mucus of the 
body, which never ſhews any regular or deter- 
minate motion, although it really has a very 
ſtrong one ; for the little bubbles always retain 
go and fituation among themſelves, 

they are contracted and expanded with 
the body ; that is, they are heaped one upon 
another, and again ſeparated from each other 
from time to time. 


— 


e ee ee e 
Of the aftions, and of the firength and life of the Snail, How it is to be 


has on this creature. 


HEN Snails are diſpoſed to reſt, fo 
as to remain quiet without any motion 
of their verge or foot, they diſcharge a great 
tity of flimy matter from their bodies, 
which, when dried, anſwers the purpoſe of a 
couch or hammock, in which they reſt. This 
they do in the day-time, and they will lie in 
this manner as long as it rains, or the atmoſ- 
phere continues cool; for nothing diſtreſſes 
them more than drought. 
From this we learn alſo, that their ſlimy 
humour, which, at other times is clear and 


white, is more coloured, or has greater variety 


of tincts, the leſs of it they have in their veſſels 
and glands, | 

Theſe creatures are very fond of company 
at the time they are increafing their ſhell, for 
then hundreds of them gather together in ſhady 
places, that they may be at leiſure for that bu- 
ſineſs, lying quiet and cloſe to each other, eſpe- 
cially for ſome days before they begin to copu- 
late; as I ſhall ſhew in its proper place. 

Life is very ſtrong in them, inſomuch that 
they will live: fix or ſeven days under water. 


degree, that nothing can be ſeen diſtinctly. All 


for difſetion, with further experiments ; and an account of the effeft ſalt 


Nay, if they are wounded, and even dra 
from their skin or ſhell, they will ill live four 
days, provided they are put into water, They 
are ſo ſtrong, that they can very eafily creep 
forward, and move themſelves to all quarters, 
with another Snail ſticking to their ſhell ; nay, 
one will ſometimes draw two others. The 
period of their natural lives cannot be certainly 
determined, but I am inclined to think they 
live to a very great age, which may be pro- 
bably conjectured from the flow increaſe of 
their ſhell: on the ſurface of their ſhells are 
ſeen a very great number of the fame kind of 
marks, Tab. IV. fig. 11. s, obſervable in a 
cow's horn, from which the country people 
compute the age of that creature. 
The diſſecting Snails has coſt me great la- 
bour ; for this operation is very difficult, and 
muſt be performed whilſt they are living. If 
we forinkle the Snail with falt, it is not con- 
ſumed, as is generally thought, but only killed, 
and then the ſtrong contraction of the muſ- 
cles draws up all the internal parts to ſuch a 
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body; fo that 1 obſerved,” that the 
parts themſelves were rendered three times 


ſmaller in this ſpecies of Snails, which is in- 


deed very worthy of obſervation. Salt therefore 
ſcers to me to be a matter proper for cleanſing 
the Snail, for by this means all its humours are 
diſcharged. - The inſect might otherwiſe be 
rubbed over with ſome purgative medicines, 
in order to try what effect they would produce; 
and, indeed, the ſucceſs of ſuch an experiment 
would be of ſome uſe. in the medicinal art. 
I have often reſolyed but, have not had oppor- 

tunities to try it. I think that aw 7 act a of 
purging in our inteſtines is performed in the 
ſame manner, that this effect is produced on 


the outſide of the Snail ; for the acrid, pungent, 


and ptovocative ſtimulus, irritates all the glan- 
dular parts of our inteſtines ; and theſe 

are ſituated on the-skin of the Snail, whereby 
they throw off and diſcharge che humours 
contained in them; and at the ſame time waſh 
away, as it were, every thing they find offen- 
ſive. This is manifect in the ſaliva, which is 
copiouſly diſcharged from our ſalival ducts, 
when any. acrid and ſtimulating remedies are 
held in the mouth. This any perſon may 
experience very clearly, if he — the roots 
of pellitory of Spain. 

J cannot therefore agree that purging is pe- 
culiar only to a few particular medicines, which 
the practice has ſelected for that purpoſe ; or 
that particular humours are expelled from the 
body, by ſuch as are commonly called ſpecific 
purgatives ; as if theſe knew, from reaſon and 
judgment, how to diſtinguiſh water from 
phlegm, and the latter from all other ſuper- 
tluous humours ; and to ſecrete this only, and 
throw it out of the body. Whereas, it is more 
agreeable to experience, that, that matter only 
is diſcharged, wherewith the body abounds moſt, 
and which is more than any other copious in its 
veſſels at that time. If this be ſo, it will be ſuffi- 
cient to obſerve, in regard to purgatives, whether 
they be hot, dry, cold, or moiſt; norwill there be 
any further neceſlity to load the memory with 
new-invented names and fictitious diſtinctions. 


G. HA 
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| the ſlimy humour is then diſcharged out of the 


It is im to pot 'Snails- into f 
wine, oil of tur or any other 
liquors, in order to kill them; and though” 
have ſometimes killed other inſects with the 
vapour of lighted ſulphut, thar they might re- 
main whole for the diſſection; yet I have fancied 
the fitteſt and beſt contrĩvance for this purpoſe, 
is to kill the Snail ſlowly,” or by e , 'by 
keeping it under the water. This ethod-is 
attended with this great ad that the 
Snail never contracts its muſcular parts; which, 
on the contrary, - are beautifully expanded 
for the water penetrating inte the orifice, of its 
glands, mixes with the flitny amour there, 
— at the ſame time, by dilating, ſurpriſinglyex- 
pands the whole body. Hence I have found that 
many parts, which otherwiſe are hidden, or can- 
not be inveſtigated, but by great labour, become 
viſible with great familiarity, as the aperture 
of the genital organs with the penis and uterus, 
the teeth alſo, and the form of the verge or 
extremity of the body, the glands and other 
are all rendered conſpicuous on account of 
the water contained in them; the Snails are, 
therefore, by this means, rendered fit for 


diſſection. 


Some curious perſons feed this kind of Sn 
in their gardens, and at their country ſeats, 
I remember to have ſeen at the Hague — 
Culenburgh, in the kitchen gardens of the 
illuſtrious counts Maurice and Waldeck; and 
in many other places, lar in grotto's, 
which are adorned with ſea produktion The 
propereſt time for removing theſe Snails is in 
the winter, for then they lie cloſe in their ſhells 
without motion, and are defended therein by a 
particular kind of operculum, or cover, formed 
by a hardened quantity of the ſlimy moiſture 
vented for that purpoſe, which very exactly 
cloſes up the entrance into the ſhell. If they 
are to be ſent from place to place in ſummer, 
the beſt way is to ſend them wrapped up in a 
2 of freſh herbage; when they are de- 
to be eat, they ſhould be put into a 
bag, and chopped ſtraw ſcattered between 
them, by the pricking of which they are pre- 
vented from creeping out of their ſhells. 


P. VI. 


Of the wks parts of Snails; and firſt of the heart, its auricle, the vena cava, 


and aorta. And alſo of the blood, and its per 


difference of the ſlimy humour from the blood. Of tbe cavities of the verge, 
and a Iſo of the Jacculus calcarius, or bag of alkaline matter. To which is added, 


a curious experiment, ain to the motion 44 te ele. 


S I have hitherto been is a ſurvey 

of many of the external, and of ſome 

of the internal, parts of the Snail, I propole to 
on now to a deſcription of its ſhell : but 
then it will be moſt proper to diſcourſe of that, 
after I (hall have deſcribed thoſe parts, from 
whence the ſhell itſelf derives its nutriment 
and growth. As I have already gone through 


the examination of the vrtbibſial internal parts 
I ſhall not confine myſelf rigidly here to the 
order uſually obſerved by anatomiſts, 3 
commence their inquiries with the belly o 
head; they do this to get rid of thoſe — 
which would firſt taint ; but no noxious ſubject 
is to be feared in this caſe, and the animal itſelf 
being ſmall, I have choſen rather to treat firſt 
| thoroughly 


petwal circulation. Of the 
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vious to me. Neither need I be uneaſy, if I 
have delincated one part ſomewhat larger, and 


avails 


knowledge of the ſubject, unleſs ſome particular 
points may be more diſtinctly underſtood, if on 
that the parts are exhibited a little 
beſt manner of diſſecting the Snail is, 
the ſhell Tab. IV. fig. 11. i, being pulled off, 
to begin at the verge of the body, fig; 1. e; 
which alſo ſhould be cut off from the left fide, 
with a fine pair of ſciſſors; in the doing this, 
taking care not to pierce the apertures g, ſituated 
on its right /, ſtill remaining unhurt, the 
verge is to be ſeparated from the body, which 
viſibly adheres to it below ; for otherwiſe, unleſs 
theſe a be carefully avoided, the outlet 
of the inteſtines, and the paſſage of the alkaline 
bags will be equally injured: | 
this N what firſt meetz the 
eye, is the skin of the ſubjacent body, which is 
concealed by the upper and under part of the 
verge, or a membranaceous ſubſtance, as with 
a covering, being much more delicate about 
that place, and of a whitiſh or paliſh colour, 
and compoſed of oblong . muſcular fibres. If 
you have nicely ſeparated this part of the inter- 
nal skin, you will ſee the tranſverſe muſcles 
lying under it ; which, though not altogether 
colourleſs, are in ſome degree tranſparent; and 
on both ſides, in the ſoft or bending part of the 
belly, there will be obſerved. certain muſcles 
reſembling a ſaw, which ſtretch their tendons 
above the peritonzum ; but the ſmall muſcle, 
running tranſverly, is ſituated above the perito- 
næum, under which it lies, All theſe muſcles 
ſerve to preſs the body inwards, and to move 
forwards the contents of the inteſtines, and of 
the 1} veſſels. | 
But if after this the verge, together with 
its membranaceous 8, be drawn backwards 
over the bending of the body, and then cut off 
from the place where it adheres, then imme- 
diately appear the veins, Tab. V. fig. Iv. a, 
which run beneath toward the verge 4; and the 
heart c, with its auricle d, and the vena cava juſt 
dawning out of it ; together with the. various 
cavities, in which the air is moved, and ſome 
other ſmall parts beſide, ſach as the alkaline 
bag e, and its duct lying next to the inteſtine, 
the inteſtinum Wr e 2 the liyer, 2 
certain parts belonging to the ſpermatic veſſels. 
Some of theſe I hall now FATS in their 
order, and of the others afterwards in their 
place. Firſt, of the heart. rs 
The heart is ſituate in the middle of the 
Snail's body, near the extremity of the arch 
of the verge, which ſurrounds the whole bo- 
dy; and at that place, a little to the left, in 
the bending of the body, by reaſon. of the 
bins *. he | inteſtine 8 which 
are parent, Tab. IV. fig. 1. I, it 
Is 2 It is included in an ex- 
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tremely thin bag or pericardium; in whoſe 
cavity there is ample abundance of watery 
moi as clear as the pureſt chryſtal. The 
pericardium being diſſected, immediately ap- 
pears the beating heart, Tab. V. fig. IV. c, 
with its auricle 4; which; being of a mem- 
branaceous and © exceeding delicate texture, 
1s ſeen to be interwove within, with divers 
as well fleſhy as membranaceous fibres, in the 
ſame manner as is ſeen in the auricles of the 
heart of a man, and other animals. The 
heart itſelf is of a fleſhy ſubſtance, and of a 
pale reddiſh colour, exhibiting a muſcle, which 
for the ſpace of a day will continue waſting 
away into water, and yet not be cleared from 
all its blood. The external ſuperficies of the 
heart is ſmooth, and it is ſhaped like a pear; 
but the internal parts are unevert, with ſeveral 
fleſhy columns, hairs, and fibres, much the 
fame as we obſerve in the hearts of men and 
brutes : hence it is that the heart may be 
eaſily diſtinguiſhed by the many ſinuſes and 
angles in it, and it is very fibrous. At its 
entrance, near the auricle, there adhere two 
little ſemi- lunar valves c, which ſerve to hinder 
the blood from returning into the auricle. 
But as there is only one auricle to the heart, 
ſo is it only found in one cavity ; and agreea- 
bly to this, there are alſo found two Kinds of 


veſſels there, namely; the veins and arteries. 


The veins, above the auricle 4 of the heart, 
are conſpicuous without much pains, and in 
particular the vena cava may be obviouſly ſeen; 
out of which others, juſt ſpringing forth, are 
interwoven amongſt one another after a fur- 
priſing manner, and form an elegant kind of 
net- work. The arteties are not diſcovered 
without greater difficulty, nor can they ever 
be ſeen, but at the firſt opening of the body. 
The beginning of the aorta, or great artery, 
is about that place without the belly, where 
the heart is united to the calcarious bag e; and 
the great artery derives its origin from the 
cone, or more acute extremity of the heart, 
and is a little dilated, at its very beginning, as 
is common in fiſhes ; immediately from this 

rt it diſperſes its ramifications every way, 
both through the internal parts of the body, 
and outwardly among the 1 
backward to the ſpire, and forward; firſt, in- 
deed, reſpecting thoſe parts it borders upon, 
— calcarious bag e, the inteſtines, the 
liver, the ſtomach, and the ſpermatick veſſels; 
then immediately proceeding to the coat in- 
veſting the liver, and then to the muſcles, 
nerves; and little glands of the skin. I have 
delineated h ſome of the more remarkable ra- 
miſfications, only with their diviſions, and have 
marked the reſt of its body, and its HOW 
ſhape, with points 777, that the fituation of 
theſe parts might thence be underftbod, 

The blood contained in the heart, and its 


arteries, appears of a whitiſh colour, irs ve 


ſomething to blue; and hence it differs ve 
much from that of men and brutes ; for the 


F blood 


blood of all thoſe is of a deep red ; but, as the 
blood in ſmall animals, excepting thoſe only 
which live in the bowels of the earth, as 
many as I have known of them, want that 
purple colour; for this reaſon then authors, 
who are only wiſe in their own ſpeculation, 
have called them animalcula exfanguia, or 
animalcules without blood, though even in 
ſome human bodies, there has been obſeryed 
ſometimes white blood in the arteries.” The 
blood of the Snail is of a glutinous conſiſt- 
ence, clammy, and pituitous or phlegmatic ; if 
ured into water, it ſhews itſelf like a sky-co- 
oured cloud, which gradually expands, and 
grows more and more tenuous, and at length 
* vaniſhes; and is indeed a very pleaſant 
a 
"The blood which remains from the nu- 
trition of the membranes, returns through 
many extremely ſmall veins toward the heart, 
there to undergo a new concoction. Theſe 
veins are chiefly ſcattered about the exter- 
nal parts of the body, and are there very 
conſpicuous ; for thoſe veſſels which we ſee 
there, are almoſt all conſpicuous, as they ma 
be ſeen among the pointed little glands of the 
verge. All theſe veins converge in one large 
trunk called the vena cava; which, as we 
have juſt ſaid, may very plainly be ſeen on the 
internal ſuperficies of that arched membra- 
Naceous part of the rim or fringe of the Snail, 
Tab. V. fig. iv. 6; for the veins run off, under 
and through this verge or fringe, and after- 
wards diſcharge their contents into the auri- 
cle d of the | Kg which then, by its con- 
traction and ſyſtole, again protrudes this 
blood into the heartc; and the heart, with 
a manifeſt circulation, again ejects it into the 
arteries, and thoſe again into the veins ; that 
the motion may never be interrupted, but the 
blood maintain its courſe through the body. 
Hence the pulſation of the heart is firſt 
diſcerned in its auricle ; but afterwards in the 
heart itſelf ; thoſe veins which ſpring from 
the vena caya, are formed and diſperſed with 
ſuch wonderful artifice, in the aforementioned 
membrane, that I have determined to ſet forth 


an accurate drawing of them; to the end, 


that the works of God may be ſo much the 
more clearly underſtood, and more firmly 
impreſſed on the memory. ; 
The heart, with its auricle, is never more 
diſtinctly ſeen, than when it is cut open 
through the vena cava, diſtended with a blaſt, 
and + 2 half dried ; but if it be dried too 
much, it is leſs forcibly contracted; and its in- 
ternal fabric and ſmall valves cannot be fo 
conveniently viewed. But ſeeing theſe veſſels 
all contain a whitiſh or lightly-coloured blood, 
from which they may be eaſily taken for 
nerves ; it is therefore expedient that they be 
firſt filled with an injection of ſome coloured 
matter ; which operation, by reaſon of the 
exceeding ſmallneſs and fineneſs of thoſe 
2 is indeed a very curious and difficult 
task. 
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For thoſe who delight to engage in ſuch 4 
proceſs, there are colours of that ſort which 
bade; and thoſe ought to be mixed with ſo 
fine a liquor, that it may paſs through the 
es of the veſſels, and fly off into the air. 
But if any one uſe a _—_ of a ſimple colour, 
then they will be all of one tinge, nor can any 
thing be diſtinctly exhibited to the eye. 
might explain many of the operations an 
artifices requiſite to the perfecting this matter; 
but this part 
pectation and deſign, has grown redundant 
enough under my hands already. a 
The difference between the blood and the 
ſlimy humour in the Snail is very remark- 
able, and may be obviouſly known only by the 
colour and confiſtence ; for though the blood 
is thin and fluid in the veins, it becomes 
tenacious after it is taken out of thoſe veſſels, 
Nay, although it be immediately thrown into 
water, it does not mix therewith, unleſs it be 
ſhook a little. On the other hand, the ſlimy 
humour ſecreted by the glands, takes a long 
time before it is diſſolved in water, becauſe 


it is tenacious and thick; and this is of a 


white colour, and may, therefore, by thoſe 
qualities, be eafily diftinguiſhed from the 
blood; whenever the wounded Snail is 
thrown into the water, in order to mix the 
blood and this ſlimy humour with it. 

The blood, being laid upon white paper, 
leaves no gloſs; ret x ſlimy humour 
covers it, as it were, with a bright varniſh, 
like filver ; it may therefore be mixed with 
colours, to give them a gloſs. Thoſe, who eat 
Snails, eſteem their blood very highly, and 
call it their liquor, taking particular care that 
it ſhould not be loſt; Bs I think they, as 
well as thoſe who eat oyſters, have ſome 


reaſon for ſo doing. 


After what manner the ſlimy humour 
diſtils from the glands of the skin, may be 
ſeen in this manner ; the skin muſt be wiped 
with fpungy blotting paper, until none of the 
ſlimy humour is ſeen, or till the whole is 
cleared off; then the skin muſt be taken be- 
tween the fingers and preſſed gently ; and if 
this be done under the microſcope, the ſlimy 
humour will be ſeen to come out inſenſibly, 
from the glandular pores of the skin, like 
clear and minute points ; theſe, by continuing 
the preſſure, will become ſmall drops; and 
theſe, in ſome time gathering together, will 
form a conſiderable collection of this matter; 
ſo that the whole skin will be moiſtened, and 
become glutinous. * 

The cavity of the arched verge, in which 


the air moves, forms a round bow or arch, 


occaſioned by the membrane's expanding 
itſelf againſt the ſhell ; but this happens only 
when the Snail lies in its ſhell; for when it is 
taken from thence, the membrane of the 
verge immediately flips into the parts under- 
neath ; fince it is no looped ſuſtained by this 
ſupport againſt the ſhell, being connected to 
the latter only by the toughneſs of the mucus, 


or 


of the work, beyond my ex- 


F 
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or limy humour. If this membrane be again 
eelled up from its aperture for air, it will be 
"obſerved to 8 againſt 
the ſhell. This cavity in the right fide of the 

reaches to the turn of the inteſtines ; but 
in left fide, where the heart is ſituated, it 
goes according to the windings of the liver, 


and follows the turnings of the latter, unto the 


third and ſecond convolutions of the inteſtines 
in the bod. | 
In this arch of the Snail's verge, near to the 
heart and its auricle, there is ſeen, 3 
. Iv. e, a certain oblong, triangular little 
- to which the heart c is fixed and united, 
there being nothing between them but the 
icardium. But on the outſide it ſwells, 
ab. IV. fig. 1. 1, through the ſkin; and is 
very viſible in a boiled Snail, when taken out 
of its ſhell, fig. 1v. o. This latter likewiſe ſhews 
the figure of the body at that time, that is, 
the convolutions p of the liver, and after what 
manner the verge contracts itſelf . The colour 
of this little part is like that of grey aſhes mixed 
with water, On the hinder part it is connected, 
Tab. V. fig. v. /, very ſtrongly with a certain 
part of the inteſtines and liver ; but that part 
of it which is ſeen through the outmoſt mem- 


8 


brane which covers the body, is obſerved to 
be interwoven with many veſſels. On the 
other fide, its colour is more wateriſh than 
where it is of an aſhy-grey, and connected to 
the pericardium . 


I firſt thought that little part was the ſpleen, 


but when I viewed it more accurately, I ob- 
ſerved that it diſcharged itſelf into a pretty 

duct, which runs near the inteſtinum 
rectum, or ſtraight gut, ag. iv. f, and in my 
opinion opens into it. I therefore now believe 
this part to be a glandular little body, or a 
ſacculus or bag, whereby the calcarious mat- 
ter of the blood is drained from the body, and 
depoſited in the inteſtinum rectum, or ſtraight 
gut; and accordingly we find that ſuch a 
matter is there ſometimes mixed with the ex- 
crements. If this little be diſſected, and 
put into water, it exhibits a glandular ſub- 
ſtance; but as it abounds with a grey calca- 
rious humour, it makes the water muddy. 
On the ſide oppoſite to the inteſtine it appears 
ſomewhat bright, and ſeems to conſiſt of a 


glaſſy ſubſtance ; it has the ſame aſpe in ſeve- 


ral places; alſo in the middle, where it ſeems 
divided into little grains, which are viſible un- 
derneath : it taſtes like aſhes. 


N -”; 


Of the liver, bile, fRomach, inteſtines, and ſalival veſſels of the Snail. | 


HE liver, which for the moſt part lies 
in the hinder portion of the hell, 
forms a ſpiral convolution there with the in- 
teſtines, Tab. V. fig. vi. a; as may be ſeen 
on the outſide, Tab IV. fig. 1. E. It is fur- 
ther divided into divers lobes, Tab. V. fig. v1. 
bb, according to the different courſe of the 
inteſtines, which make as many diviſions in 
it, as they have turnings and windings. Be- 
ſides theſe, the liver is very full of greater and 
ſmaller veſſels, which are diſperſed tlirough 
every part of it, fig. 1x. a. It has likewiſe 
its particular thoracic or chyliferous ducts, fig. 
VIII. a, which diſch themſelves into the 
inteſtines, without any intermediate gall-blad- 
der; in the fame manner as in Horſes, Pigeons, 
and other animals, which are faid, though 
without any foundation, to have no bile. I 
could perceive no remarkable bitterneſs in the 
bile of the Snail. | 
The liver itſelf ſeems to conſiſt of ſhall 
equi-diſtant little grains, called glands by the 
great anatomiſt Malpighius ; to whoſe judg- 
ment we ought to give great credit, ſince one 
can ſcarce find his equal in anatomical know- 
ledge. The liver is of a dark brown colour, 
a little approaching to green: the hardiieſs 
and ſubſtance of it, are like thoſe of the ſpleen 
in a man. It abounds with a juice or humour 
of a yellowiſh green colour. In the upper 
part, where the liver turns round, its outward 
coat, which is covered with little whitiſh 


points, grows greenet. It has very few lobes 
on the inſide. Nothing is more ſavoury in a 
boiled Snail thari the Iiver, which, I think, 
is alſo very eaſy of degeſtion: whereas, on the 
contrary, all its muſcles are hard and tough, 
except the ſpermatic veſſels, which are like- 
wiſe very pleaſant eating. | 
The Snail's ſtomach, fig. vi. c, is placed 
in the cavity of the neck and belly, and con- 
ſiſts, as in man, of three coats, notwithſtanding 
its being very tender and thin: it is alſo pro- 
vided with veins and arteries. It is of a white 
tranſparent colour like parchment; but when 
diſtended with food or air, it has the colour of 
the moſt tranſparent membrane: when empty, 
it appears full of oblong grooves, Tab. V. fig. 
Iv. u, which exhibit an agreable ſight ; for they 
are ſo many contracted muſcles, which cor- 
rugate the coat in this manner. The ſtomach 
grows narrow by degrees, fig. VI. 4, and 
forms by that contraction its lower orifice, 
called the Pylorus. After this follows the 
ſmall gut , between which the liver is prin- 
cipally ſituated. After theſe inteſtines have 
turned themſelves two or three times, then 
they form the inteſtinum rectum, or ſtraight 
gut e, which opens, with its foramen, into the 
nail's verge 2 About the ſpiral convolution 
of the body is obſerved g a place, where the 
bile diſcharges itſelf into the beginning of the 
inteſtines ; which appears more evidently, if 
thoſe biliary ducts ate ſomewhat ſeparated, 
fig. 
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fig. v111. a; ſo that the whole region of the 
ſtomach 5, ſmall c and great guts d, be parted 
from the liver, . If the inteſtines and the liver 
be inverted, ſome of the parts before-men- 
tioned may be ſeen more diſtinctly; that is, 
the liver itſelf, fig. v11. a, and the ſmall guts 
in their natural ſituation ; then the inteſtinum 
rectum, or ſtraight gut c, and the ſtomach 4. 
And here we muſt obſerve, that two very 


beautiful veſſels run, fig. Iv. co, along the 


ſtomach and the ale. or œſophagus, which 


diſcharge themſelves into the upper of 
the palate of the mouth, fig. T d. Thee 
veſſels are of the ſame ſtructure with that part 
of the epididymis in man, which lies 

the teſticles, and they are of the colour of an 
agate. On the inſide they are hollow and con- 
tain a clear liquor, which they diſcharge by 
two ſmall apertures which open into the mouth. 
They are, therefore, plainly the ſalival ducts 
of the Snail, ſuch as are likewiſe obſerved in 
man and brutes, and are ſituated either near 
the ſame place, or a little lower, 


San 
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Theſe two little veſſels ariſe from. ewe t 
clear, and ſnowy parts, fig: Iv. p, jbined to» 

ther in the middle, and divided into -yarions 
ittle lobes : you would eaſil believe that the 
were nothing more than fat. A beautiful little 
veſſel g runs through the hole ſarface, hien 
brings them nouriſhment and moiſtute, and, 


RI 
a LEES 


ariſing out of a very high place under the 3 


part, and gives a great 


to each of theſe {mall parts. Tbeſe little parts 
are likewiſe, by the help of different vetlels, 3 


which ſeem to be ſo many ſmall and tender 
filaments, laterally connected with the ſtomach 
The ſalival ducts themſelves ate, by certain ſin 
gular veſſels or ligaments, alſo connected wb 
the ſtomach, I firſt indeed thought that this 

ſmall part was the pancreas, but experience 
has taught me the contrary, and likewiſe that 
it is not fat; for it cannot be melted by fire, 
nor is it inflammable, if put on a bit of glatt 

and applied to a lighted candle. 361-23 
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Of the genitals, penis, uterus, teſticles, ovary, and other parts ſubſervient! 
to generation. | 


HE ſpermatic veſſels are placed not 

only in the fore part of the neck, belly, 
and back of the Snail, but being twiſted like 
vine tendrils, follow the convolutions or wind- 
ings of the body itſelf, and extend themſelves 
to the extreme end of the liver; ſo that they 
may be juſtly reckoned amongſt the moſt re- 
markable parts of the body. , Before they can 
be ſeen, the ſkin muſt be diſſected, and ſome of 
the membranes and muſcles removed ; and 
among the latter there is a very elegant muſcle, 
which, with many fibres, reaches obliquely from 
one ſide of the body to the other, and ſhews 
itſelf beautifully upon the ſtomach, and thoſe 
parts that ſerve for generation. 

The male and female organs of generation are 
both in the ſame Snail, and the penis and uterus, 
being naturally united, grow firmly together; 
ſo that many of the parts are common to both. 
The ſmall parts, from the ſtructure of which 


it is known that they belong to the male or- 


gans, are the penis, Tab. V. fig. x. a, with 
its ſharp, twiſted, oblong appendage, which, 
at the extreme end, is round, in the form of a 
pear 656, To the female parts belong the 
uterus ccc and its ovary dd, which opens into 
the cavity of the uterus ; that the little eggs 
may be increaſed and covered with moiſture 
therein, as may be ſeen very beautifully in the 
Ray-Fiſh ; nay, and in ſome degree, in the 
uterus of Hens. But in other animals, as in 
Tortoiſes, Lizards, and Camelions, there is 
found a greater agreement in this reſpec, with 
the Snail, than I could obſerve in fowls. 


inſide, fo it as eaſily moves through the g 


As to the parts which have a mutual com- 
munication among themſelves, to theſe may be 
referred the teſticles : theſe are, as it werte, 
congeries or heap of oblong filaments e. Then 
the Raden appendages of the uterus f, and a 
certain common duct between the penis and 
the uterus, Tab. V. fig. x. g: Afterwards 
there is an oblong vas deferens, which opens 
at the end by a ſmall tube into the uterus & 
and has a little ball in the form of a pear at 
its extremity æ. Laſtly, there is a very beaus 
tiful curled veſſel /, of the 8 with 
the ididymis in man and quadrupedes, 
N twiſted in, like a little chain, die 
charges itſelf by a ſmall tube , into the bes 
ginning of the uterus and end of the ovary. -- 

Having enumerated theſe things in generah 
I ſhall now treat of each part in particulaty 
and aſſign the reaſon why I have called ſons 
of them common to both organs, and otheg 
proper to one or the other. As to the penis 
it is nervous and of a muſcular texture, con 
fiſting, as it were, of three parts; the firſt i 
a muſcular membrane, then the inward cons 
ſtruction, wherein, as in a r the pen 
may move up and down ; and laſtly, the ung 
ternal porous -mergbranes, which truſs up the 
penis on the infide, , Hence it is, that if th 
penis be cut off in the act of coition, no mot 
than the outward membrane which. covered iq 
and out of which it ſtretched elf, remainf 
in the body. It is all white, and is farm, ar 
as it moves up and down very talily- on th 
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eoition is" performed in his man- 


— urvar of the geni- 
then —— — 2 
5 body,” Then e 
E rot 
Tie orifices, — Meare 
har 'of the wearers, Yev open 
dhe penis ef the other Snuff at the time of 
edition. 8e chat the 
is put into the aj 
uterus F of the other; and again, the penis of 
the latter 3 — the 
2 er. 


— by ne 
e eee fnger 


its ori- 


to venery, each 
and conceives, fertilizes and is 
fertilized, and ejects and receives the ſemen. 
Alter comion all theſe parts are drawn into 
the body; for which purpoſe the penis has 
a fom long and even muſcle, Tab. V. 
fig. x. p, which is inſerted under the tranſ- 
verſal or oblique muſcle of the abdomen, 
where the verge of the Snail's body is: and 
that this part ſhould not want lente it has 
ikewiſe a nerve 


' The parts of WI A their - 


rves and muſeles, ſome of which may be 
E hear the root of "the four 


Horns. The matrix itſelf is a tender, —— 
White and cufled cre- little tube, Which ap- 


moſt remarkable When it is diſtended, 
hg ven. +," with air or wind; for then it turns 
if into very «drnirable comvolutions, being 

. jointed to a! t, fig. x. unn, which con- 
nects all its folds, and is of a ſtronger ſtructure 
than the membraneus and hollow of the 
tube of the uterus. This ſeems defi for 
ſome particular uſe; for it appears full of 
lands, ſo that I firſt took it for the ovary 
itſelf: for indeed all the veins of the uterus, 
of which there are many, are faſtened in this 


ligament, and ' paſs” thronph it © towards the 


uterus. But, in other 7 — neither the 
vterus nor ovary, fig. x. dd have any thing 
remarkable in them, arts rat Bins 
Ho eggs in it. The ovary is not vifible,-unleſs 
it appears like an oblong," white, tender, ſoft 
and triangular little part, and contains a ſub- 
ſtance like the melt of Perch. 
inviſible an os 2515 


os Sa ON. t. 


behind the long muſele p of the 


iefelFin tie fide-of the neck, 4 


ry ont of one of 
A | 


tranſparent, glittering littering 


ternal 


80 ſmall and 
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cavity of this little bone, there js contained a 
it is all hollow and very 
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penis. The uterus has allo its nerve v there, 
as will appear more clearly in the deſcription 
of the brain; where it will likewiſe be ſhewn 


parts are forced to move their contents through 
n as is ſeen in the ſperm from 
the teſtieles, and on other occaſions. Theſe 
out teſticles e, as we have before obſerved, con- 
ſiſt of 1 a — or heap of 225 filaments ; 


6f che neck of the Snai 


— up at its extremity. They 


of ariſe from two-trunks, and are divided in a 
wonderful manner, as it were, into twigs, Tab. 
V. fig. x1. x. The ſemen is of a ſnowy colour, 
and of the fame thickneſs and clammineſs as 
in the males of Bees. I know nothing that 
bears a greater reſemblance to this part, than 
the pancreas of fiſh; a deſcription of which I 
have inſerted in a work of Commelinus, which 
I publiſhed ; and J have delineated the figures 
with my own hands. 

The hidden ppenaage fig. x. /; of the 
uterhs is a very beautiful, white, nervous and 
muſcular part, of a firmer ſubſtance und texture. 
I it be it muſt be done very cautiouſly 
be and with an even hand: it is then diſcovered, 
open hn or- baſis in the hinder part - 
has, fg. XII. 3, a globular and round little 

em of x'pear ; from which ariſes 
A — hard and crooked ſtyle; not unlike a 
ſharp awl.- This little bone being taken out 
and viewed with LY — ; reſetnbles a 
ſmall; ſcale of a fiſh 
t the root, fig. XIII. a, 
on the hinder p — this little bone is 
connected to globular little part, it exhi- 
bits ſome inciſions or fiſſures covered with 
coats,” which penetrate inwardly from the ex- 
into its cavity. I have counted 
fourteen af theſe inciſions: it appears, in gene- 
ral, equal and round &, and ends ſome what 
ſharp like a needle: then it forms, in its cir- 
cumference, four margents or prominent bor- 
ders c, between which are ſeen ſome remark- 
able ridges/ and furrows. This appears very 
plain when this minute part is diſſected, fig. 
xiy. e; for then it is manifeſt that it is hollow 


deprived of 5 ſkin; 


on tha inſide; ſo that a hair put into it, al- 


moſt entirely paſſes through it. Within the 


 limpid or clear humour; but where its root is 

connected with the globular part, fig. XIII. 4, 
tender, ſo that i it is 
eaſily broke in that part, if it be handled in 
_ leaſt W 1 * ferments 
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Nrongly with aqua fortis: hence 1 call it an wich which the ball is connected; "But what 


alcaline little bone. 


1 could hot fill ont the uin of ithis little 


part. I thought indeed at firſt that it was the 
penis, but experience convinced me of the 
contrary. It is however certain, that it is of 
ſome ule in generation; for after coition, ſuch 


little parts are commonly found where the 


Snails have been together. I have obſerved 
alſo the ſame thing in other kinds of Snails, 
till at length J made uſe of it as a fign to diſ- 


coyer Whether the buſineſs of generation had 


been over. In ſome Snails which were not 
given to venery, I found this little part ſo ſmall, 
that it was hardly one fourth ſo big as that 
already deſcribed : it was like a point, ſlender, 
ſhort, and tender. In ſome it was larger, in 


others ſmaller, that is, as far as I could judge, 
the nearer they approached to the time of ge- 


neration, or the further they were from it. It 
is ſometimes partly yellow, but for the moſt 
part it is tranſparent and very white; it ſeems, 
however, to be ſubject to accretion, like corals, 
as I ſhall demonſtrate more clearly in the Snail- 
ſtone, I remember to have ſometimes ſeen in 
a Cuttle-fiſh, an entire little bag full of ſuch 
white ſmall parts, which lay there free and 
diſengaged among a glutinous humor, but the 
conſiſted of a very ſoft ſubſtance, and were — 
larger. This fiſh has gills likewiſe, and other 
ſuch wonderful parts ; ſo that this animal de- 
ſerves very particular conſideration, though 
much could not be hitherto known or ſaid 
concerning it. , 

The common little tube that lies between the 
penis and uterus, Tab. V. fig. x. g, is not very 
remarkable; I only obſerved that it was hollow. 
But that other, vas deferens hb, ſeems to ſup- 
ply more ample matter for ſpeculation, both 
becauſe it opens into the uterus :, and that it 
has a little ball or globe & in the form of a 
pear, which contains a fluid of a pale purple 
colour, ſomewhat glutinous, and not thin. Thi 
little ball lies next to the heart in the body; ſo 
that the great artery is carried round that pipe 
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uſe this little part is of, I could never hitherto 
diſcover. I once obſerved, that the little bone 
before · mentioned, penetrated into this veſſel, 


almoſt as far as its aperture into the uterus; 


but, to the beſt of my remembrance, I had 


then irritated the Snail at — of coition, - 
of generation; for 
which reaſon I afterwards uſed to diſtinguiſh, 


ſo that it drew in theſe parts 
manner, thoſe Snails which 


in a particular 

had exerciſed coition. Of what uſe this little 
globe or ball is, I am i 
ever, be inclined to — this is the part 
wherein the Purple-fiſh carries — apy 2 


1 ſhould, how- 


wherewith the garments of monarchs, and 
great perſons, were coloured in the 


times of the Romans. To this the ſacred 


writings allude, when they ſay, that the rich 
man was cloathed in purple.” 

I am likewiſe at a loſs to know of what uſe 
the curled little veſſel / is. I obſerved, how- 


ever, that it is diſtributed into various little 


branches z, which, like ſo many tubes, ariſe 


from the oblong, round, and acute little part, 
placed near the extremity of the ſpiral liver, 


and there joined to the liver itſelf. t if this 
little part be divided, and opened or unfolded, 
with the top of an ivory bodkin filed ſharp; 


and ſomewhat ſoftened by ſteeping it in water, 


by which means it does not offer ſo much vio- 
lence to the as a needle, it ap like 
a little tree or ſhrub adorned with leaves, 
Tab. V. fig. xv. 4; with this difference only, 
that its extreme parts are ſtudded, or emboſſed 


and ſwollen, hollow on the inſide, and full of 
moiſture, which is probably conveyed by des. 


grees into that curled ſmall veſſel. reſembling. a 


chain; but then the matter contained in this 
little part is more white and compact, and better 


digeſted. 4 | | 
Laſtly, we muſt obſerve that moſt of the 
parts hitherto enumerated, are placed. behind 


in the - ſpire of the ſhell, and are there ſeen 


through it in ſeveral places. 
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Of the manner in which Snails mutually perform the buſmeſs of coition. 


AVING hitherto, in part, ſhewn the 
method whereby Snails generate, I ſhall 
now give you a full deſcription thereof; ſince 
it is a matter very worthy of notice that, an 
hermaphrodite little creature ſhould have need 
of a companion for the purpoſe of genera- 
tion. l 
The Snails gather together for ſome days 
before their coition, and lye quiet near each 
other, eating very little in the mean time; but 
they ſettle their bodies in ſuch a poſture, that 
the neck and head are placed upright. © Thus, 
whilſt the ſhell of each reſts upon the earth, 
with its double head, the Snails are raiſed up- 


wards, and they ſupport themſelyes ere, by 
the extreme ends of the fringes and verge of 
their bodies, in the ſame manner as it is faid 
Serpents engender, that is, in an erect ſituation, 
and twiſted about each other. TOO 

At that time the verge, or its aperture, is 
continually open to take in the air; but the 
opening of the genitals in the neck is ſome- 
times obſerved to be alternately open and con- 
trated. This action is performed in the ſame 
manner as the agitation of the outer parts of 
the vulva in Dogs and Hens, when they deſire 
coition. The Snails being thus animated, ſoftly 
approach each other, and apply their bodies 


one 
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one to the other, as ſmoothly as the 
fingers of both hands can be graſped together : 
oh by this means, not only their bodies, but 
their necks: and heads, are raiſed up and preſſed 


cloſe to each other. Then. are ſeen the moſt 


wonderful motions of their: heads and eight 
horns, which . ſurpaſs all imagination; like 
Turtles, they are continually obſerved to kiſs 
each other, and to join lip to lip. 


one can ſcarce think, how they can poſſibly 


have ſo many and ſuch different muſcles. An- 


other circumſtance that deſerves notice is, that 


when they touch each other in the leaſt with 


their horns, they immediately draw them 
in, or move them up or down again, or ſide- 
ways; and theſe motions are often repeated. 
Theſe motions ſometimes continue for three 
days, during which time the Snails turn in and 
out, and join together their genitals, ſo that 
the 
ſeen to hang entirely out of the body. But 
ſince I cannot obſerve that Snails have organs 
proper for ſeeing and diſcovering things near 
and at hand, but only for remote objects; 
hence it is, that for want of this knowledge, 
I cannot obſerve their coition but by chance. 
For though they very often ſhoot their genitals, 


like an arrow out of a bow, yet the coition 


is ſcarce performed once in three times. This 
miſtake ſeems to happen the oftener, becauſe 
every Snail carries its penis in the right fide of 
its neck : it muſt therefore happen before they 
have turned their reſpective heads croſs-wile 
towards each other, that they often attempt a 
coition unſucceſsfully. But they have leiſure 
enough to repeat this buſineſs, ſince they feel 
for a long time the incentives of their venery, 
though they have already gone through the 
buſineſs of coition ten or twelve times before. 
Nay, I have known ſome. of them indulge 
their venereal deſires three weeks afterwards, 
and that they repeated them again in fix weeks 
after that. | 

But when they aſſociate in coition, as they 
ſhould do, each of them ſtretches its penis, 
together with the orifice of the uterus, en- 
tirely out of the body, which is not done by 
erection only, as it is in quadrupedes, but prin- 
cipally by turning the inward parts out, as 
happens in the penis of Drakes. The firſt 
thing that opens in the Snail is the aperture, 
that lies in the neck between the upper and 
lower horns, Tab. V. fig. xVII. 4; then the 
inward parts of generation are obſerved to 
come out like two apertures, fig. xvIII. 53; ſo 
that by this means the lower horn is puſhed 
out of is place, Tab. V. fig. xv111.#-: after- 
wards theſe are very ſuddenly thrown out 
of the body; yet ſo as that the aperture of the 
uterus appears firſt, fig. x ix. d, and immedi- 
ately after the penis, the thicker part of which 
turns out firſt, and afterwards the ſharp part c. 
After this begins the coition, and the two 
lower horns are then ſo far thruſt out of their 
places, that they touch and preſs each other . 


The horns. 
are affected with ſuch various motions, ' that 


penis and uterus, of each, are ſometimes 
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Theſe parts are afterwards remarkably ſwelled 
by the humours that flow towards them, ſo 
that they reſemble the clammy white of the 
boiled egg of a Lapwing, which, being mixed 
as it were with a tranſparent whiteneſs, makes 
a very agreeable fight, reſembling. an agat. For 
the appendage of the penis, fig. x. bb, is ob- 
ſerved. to run ſo far, and by the clearneſs of 
thoſe parts, is ſo evidently ſeen, that its motion 
is alſo obvious to the ee. | 

After coition the parts before-mentioned may 
be ſtill perceived for a quarter of an hour 
hanging out of the. body, that is until their 
ſwelling has fallen, and then it is furpriſing to 
ſee what wonderful motions the penis has. 
But if any one ſhould in the mean time handle 
theſe parts, the Snail endeavours to draw them 
in by force, but however much it ſtretches all 
Its netves, yet it cannot by any force bring 
them in, unleſs they firſt become flaccid. A 
certain lympid moiſture then diſtils from theſe 
parts, which ſoon coagulates, and becomes te- 
nacious and firm in the air. The upper horns 
being always bent like a circle in the venereal 
act, are obſerved not to move much, unleſs 
that they-are ſometimes drawn in, and again 
ſtretched out. After all is finiſhed, the little 
creature, having wantonly conſumed the ſtrength 
of life, becomes dull and heavy ; and thence 
calmly retiring into its ſhell, reſts quietly with- 
out much creeping, until the furious luſt of 
generation gathers new ſtrength, and effaces the 
memory of the uneaſineſs ſuffered after the for- 
mer coition. 1 

In a Snail, diſſected a little time after the act 
of generation, I obſerved that the penis was 
ſmaller, but the uterus a little more expanded 
and glutinous in its cavity. The ovary was 
manifeſtly ſwelled, and was longer, thicker, and 
larger, ſo that it now ſeemed full of ſpertn like 
milk. Afterwards, however, I faw it much 
larger, and filled with more glutinous moiſture. 
But in five weeks after coition, the ovary be- 
came yellow, and like real glue; yet the eggs 
were very ſoft like ſlime, and were ſcarce vi- 
ſible. When I afterwards viewed the ovary in 
ſuch a boiled Snail, every thing was callous, 
and as far as I could diſcern, an infinite num- 
ber of little eggs preſented themſelves in both 
the Snails, which had copulated with each 
other. The uterus itſelf was likewiſe at that 
time much more expanded, and -became, as it 
were,  glandulous ; ſo that when thrown into 
the water, it ſwelled very much. When the 


eggs were held a little while in the hand, the 


fingers ſtuck together. Therefore the ovary, 
the longer it paſſed after the time of coition, 
became more tenacious, compact and yellow); 


for all the eggs of the Snails are covered with 


very clammy membranes, and are, at length, 
perfected in the uterus. They cannot remain 
in the ovary, ſince this is placed between the 
ſpiral part of the ſhell, and throws its eggs into 
= cavity of the uterus. Some Snails lay their 
eggs up and down on the ground, others tie 
them all together like a chain. I have ſeen a 


| little 


- 


deferens. was more dilated, and in , as 1 have 
ſaid, I found the little bone. Hence it is pro- 
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of i wabitoa'" ner ves, and in what manner thoſe. 
whereby they are moved backward „„ e 
PFurricular not Hirberto _ in any animal. 


T is with very difficuley that any cer- 

tain and fixed place can be afligned to the 
brain of the Snail, as I have obſerved in the 
beginhing of this account ; fince, like other 
parts, it has its muſcles, whereby it is ſometimes 
* forward, and ſometimes backward in the 

y. 
ful in this little creature, that it deſerves the 
moſt ſerious conſideration. Since I have never 
hitherto, nor do I know, that any other has, 
obſerved any thing like it in any kind of ani- 
nimal ; I ſhall, that reaſon, minutely de- 
ſcribe the brain, and repreſent it by a figure, as 
I have ſeen it in a 8 
under water. The brain is placed upon the 
ſtomach itſelf, which, together with its gullet, 
always paſſes through the aperture whi the 
brain forms there. And this is not peculiar to 
Snails only, it holds likewiſe in Silkworms, and 
in all other inſects that 1 have hitherto exa- 
mined. Hence it 1s, that when the ſtomach, 
with the gullet, and all of the mouth, are 


drawn up on the outſide, or down on the in- 


fide ; the brain being always placed upon the 
ſtomach, is e hither and thither with 
it. Since. therefore all parts of the mouth 
may be, according to the diſſection of the brain 
bete mentioned, drawn forward and puſhed 
; I ſhall, in the firſt place, expoſe to view 

al . 5 'a the jaws, mouth, and palate, 
Tab. VL I. 4. "Left the ſtomach and its 
9 Should interfere in my giving a full 
and exact repreſentation of the brain and 
nerves, as they really are, I cut the ſtomach 
about the gullet 4, by which means the brain 
is ſeen immediately, It conſiſts of two parts 


like little globes, and is therefore divided into 


two parts: from each of theſe globes ariſe a 


certain part of the ſpinal marrow, reſembling  t 


on each ſide a nach nerve dd, both which parts 
are ſituated. in ſuch a manner as to leave a gap 
or aperture for the paſſage of the ſtomach. 


and form a conſiderable knot,” Tub. VE 


This motion of the brain is ſo wonder- 
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from which, afterwards, ariſe all the reft of the 

nerves wg are diſtributed in the lower part-of 

ſpinal marrow is double, not 

ture, but alſo-in man himſelf, and in quadru- 

nad; with this difference only, that in the 
t 


ter it is preſently joined together by a certain 
2 and immediately after ĩteloſcd 


as in a common membrane. Nay, all the nerves 
, which I killed flowly 


in the latter, that ariſe from tie tharrow, forms 
each in its courſe, certain little knots or Twels 
lings, which are therefore at leaſt more its 
merous there. The ſame is ſeen in Silkwortisy 
in which the two originations of the TY 
marrow are many times tied. F 
This ſwelling of the ſpinal matrow in 
Snail has its muſcles likewiſe, by the help of 
which it is moved up and down. it the batlys 
Its firſt muſcle is very ſmall /, atifing from 
coat which covers the ſwellin 2 
from thence, paſſing under 
brain, is at length inſerted by its tendon, in the 
lower region of the parts of the mouth, a ligt 
above the root of the tongue; therefore it Wil 
move this little knot. and the brain towards the 
fore parts. The teſt of its muſcles; - which 
draw it back again to the hinder” parts, are 
common to the inward. lips; for the muſcles 
the latter run on each ſide over this ſwelling 
and fix ſome of their tendons therein, f 
they are otherwiſe inſerted in the horny 1 
ſtance of the Snail,” Aſter theſe muſcles have 
paſſed over the ſwelling or production of 
ſpinal marrow, they acquire a little nerve from! 
at part which gives them the power uf con 
traction. To avoid confuſion, I have here e 


9283 


bited only a ſmall part g of theſe muſcles, witly 


their little nerve, which is afterwards extended 
- further? 


facther from thence towards the ſpiral turnings 
ok the Snail's body, being there probably of uſe 
to provide for ſeveral other parts. backs 

| We further obſerve two nerves hh ariſing 
from the brain, which are diſtributed into the 
feveral.parts of the jaws, mouth and palate, 
and probably ſerve for divers uſes. But the 
optic nerves ii which have the eyes placed in 
their extremities, ſwelled out in form of little 
globes, are extremely beautiful. Behind theſe 
are diſcovered two other nerves &, which reach, 


each with three ramifications, to the 1 | 


of the skin, and to the baſes or roots o 

upper horns ; and afterwards alſo give two little 
nerves I to the lower horns,” which are of the 
fame ſtructure with the nerves of the upper, 
and are alike terminated with globular ends. 
Beyond theſe a pair of very tender nerves, 
Tab. VI. fig. 1. mm, ſpring from the brain, each 
of which being divided into two branches, 
runs to the muſcles of the ſkin of the head, 
and is inſerted in each fide of the Snail's lower 
horns. Laſtly, two larger nerves un, are diſ- 
covered, which run under the parts of the 
mouth, jaws and palate, and diſtribute them- 
ſelves over thoſe parts, and are deſigned pro- 
bably for motion or taſting, or for both. 

Again, ſome of the nerves which ſprin 

from the ſwelling or production of the ſpinal 
marrow, are inſerted in muſcles, ſituated in 
each fide of the neck oo, to which they give 
.motion. Others, on the contrary, are ſent 
away to the ſpermatic veſſels p, and to the coat 
and muſcles 9, which cover and move them. 
Some nerves alſo iſſue rr from thoſe ſwellings, 
which are diſtributed in the muſcular parts that 
move the ſides of the body. Above, on the 
right fide of this little knot, there ariſes an ob- 


long little nerve, which is defended by a like. 


muſcle, and reaches to the uteruss. This 


muſcle may probably alſo ſerve to move the 
ſpinal nerves on the inſide. Behind the for- 
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mer are two other oblong nerves; one of which 
bends back under the little nerve of the uterus; 


but the other, being again divided into two 


branches, is inſerted in the verge of the body 7; 
at the upper 


part of which are ſtill ſeen ſome . 
muſcular fibres, which iſſue from the tranſver- 
ſal muſcle of the abdomen, which is fituated 
within, under the arch of the membrane of the 
verge. On the other, or left fide, a like nerve 
is obſerved alſo v, which has the fame inſer- 
tion, and ſerves for the ſame uſe, that is, to 
to give ſenſe and motion to thoſe In 
the left ſide we are likewiſe to obſerve, what 
manifold and ſtrong nerves are tranſmitted to 
all the middle and lower parts of the body. 
We will firſt examine thoſe in the middle. 
Some nerves are there inſerted, Tab. VI. fig. r. x, 
between the tendons fig. 11. un of that ſtrong 
muſcle, which moves the middle of the body, 
and thoſe are ſent away to the ſeveral muſcles 
that run near it. A conſiderable number 
of little nerves beſides yyy are obſerved, ſome 
of which are long, others ſhorter, and ſome 
are divided into two, others into three lateral 
branches : theſe deſcend to the lower verge or 
foot of the body, in order to give it the power 
of feeling and moving. I have exhibited none 
of theſe nerves in the right. ſide, to prevent 
confuſion 2. 

Here we ſhall conclude the preſent chapter. 
Now, reader, judge whether God has not ſhewn 
himſelf as magnificent and aſtoniſhing in the 
the texture of the brain and nerves of the Snail, 
as in the formation of the ſimilar parts of 
man; excepting only the mind and principle 
or ſeat of the underſtunding. As thoſe do not 
appear to the diſſecting knife, ſo they are leſs 

per to come into our analogy or compariſon ; 
for thoſe only obſerve and inveſtigate cor 
real and ſpiritual things, and thence 21 


— abyſs of the wiſdom and ſecrets of 
G . 


P. XI. 


Of the muſcles 0 the body and ſhell, which is the bones of the Snails : in 


what a wo 


ful manner this ſhell is formed on the infide, and how it is 


increaſed and nouriſhed. Laſtly, how the Snail moves in its egg. 


| HOSE who have ſeen diſſections, or 
have any knowledge of anatomy, know, 
that the hiſtory of the muſcles cannot be ac- 
curately underſtood, before the bones in which 
they are inſerted are firſt known. For the 
latter are fixed points, towards which every 
thing in the body, that has a ſtrong motion, is 
drawn and moved. And though the naked 
Snails have properly no bones, yet they have a 
certain extremity, wherein muſcles are inſerted; 
as I ſhall ſhew in its proper place. 

That wiſe architect, who alone framed and 
reduced all things into order, has likewiſe eſta- 
bliſhed different rules in the compoſition of 


animals, by the aſſiſtance of which he has pur- 


ſued the ſame ends and purpoſes, how greatly 


ſoever the ways and means to arrive at thoſe 
ends differ in various inſtances. In ſome ani- 
mals the bones are found placed in the body, 


with fleſh ſpread about and affixed to them, as 


in a man, quadrupedes, and in ſome birds. In 
others, we can only find cartilages, wherein 
muſcles are inſerted, as in the Ray-fiſh and 
ſome others. The Cuttle-fiſh has only one 
bone in its body, except the noſe or ſnout. In 
ſome, which are ſo ſmall that they have no 
conſiderable bones, the muſcles are inſerted in 
the skin itſelf, or they meet together in certain 
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62 
callous or firm points, which are formed for 
that purpoſe, and which, in particular places, 
are as hard as the ſofter part of a Cow's horn. 
Though the methods hitherto mentioned, tend- 
ing to one and the fame end, differ greatly 
among themſelves, the wiſe Creator of the 
univerſe has, beſides, invented many others 
much more wonderful: in ſome animals he 
has formed bones manifeſtly on the ſurface, and 
put fleſh between them with the moſt exqui- 
fite art, as in the Cray-fiſh, Crab, and many 
others; and he has likewiſe followed the 
fame rule in moſt kinds of Inſects, and likewiſe 
in this kind of Snails, to which the ſhell is as 
a real bone. The immenſe power and wiſdom 
of God ſhew themſelves greateſt and moſt pro- 
found in thoſe little animals, to which he has 
given both an horny ſhell, and the harder coat 
of a Crab; ſo that the muſcles of the ſofter 
part are inſerted in the ſhelly ſubſtance of their 
bodies, whilſt that very judicious architect 
has inſerted the reſt of them in a hard bone, 
which covers their body; and is continued there- 
with out of the ſhell, as may be obſerved in 
the Hermit-fiſn. Though the Tortoiſe lives 
in a little houſe as it were, and carries its bones, 
like the ſhell- fiſn, on the outſide, yet God has 
again eſtabliſhed a different order in that crea- 
ture, ſince he has given it two ſorts of bones, 
ſome which grow contiguous with the bone 
that covers it, and others which are fixed to 
it by the help of joints; ſo that by this means 
the muſcles are in this creature ſtrengthened with 
a double inſertion. And as this exhibits a very 
uncommon object in a living Tortoiſe, ſo the 
ſutures of the bones, which conſtitute the out- 
ward ſhell, are-worthy of particular obſervation ; 
for, in my opinion, they differ from the ſutures 
of the bones of all other creatures whatſoever, as 
I can demonſtrate by a ſhell that I keep in my 
collection. But ſince this animal alſo lays eggs, 
that are covered with ſhells, which I have ſeen 
in great numbers in the body ; and fince thoſe 
eggs muſt be emitted through a very ſmall aper- 
ture in the bone, on one fide of the tail, through 
which they can by no means naturally paſs, 
it is beyond all manner of doubt, that the ſu- 
tures of the bones in this creature, muſt, at 
the time of the excluſion of the eggs, ſeparate 
from each other. Anatomiſts, with all their 
force, oppoſe the notion of ſuch a thing hap- 
pening in human ſubjects at the time of deli- 
very. I ſhall not pronounce, for certain, how 
this matter is, but I believe moſt firmly, that 
ſuch a temporary ſeparation happens in Tor- 
toĩſes. 
To return to the bones and muſcles; we muſt 


obſerve, that the muſcles are not ſimply in- 


ſerted in the bone, but that a certain part of 
the bones themſelves conſtitutes one of the ex- 
treme ends of the tendons of the muſcle, fo 
that the muſcles fixed in each fide in the 
bones have two bony extremities. Every 
muſcle therefore conſiſts of three parts; the 
middle part is fleſh, but the two extremities 
are the white, membraneous, firm, and fibrous 


there they contra 
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joints of this fleſh, which become bony where 


they are inſerted in the bone; or otherwiſe re- 
main hard and compact, or become ſofter. and 
more tough, according to the different nature 
of the to which they are joined, and 
which they are conſtituted to move. Hence it 
happens that a muſcle is ſometimes inſerted in a 
muſcle. Nay, which is ſurprifingly ſingular and 
uncommon, Mr. Stenon has demonſtrated to 
me, and to my very eſteemed friend Dr. John 
Oort, in the eyes of birds, after what manner 
a muſcle paſſes through'a muſcle by its tendon, 
as th a pully, ſo that the ted muſ- 
cle can draw to itſelf, or let looſe the perfo- 
rator, according as the tendon of the latter, 
paſſing through the former, ſhould be brought 
nearer or removed further; than which ſtructure 
ſcarce any thing appears more admirable. 

After what manner the muſcles are inſerted 
in the ſhell or bone of the Snail, and united 
therewith, appears moſt manifeſtly when that 
houſe of the creature is opened, for it is then 
obſerved," that all the principal tendons of the 
muſcles of its body, run, fink a little lower, 
others ſomewhat higher and deeper, towards 
the ſpiral part of the ſhell, and are fixed, Tab. 
VI. fig. 11. a, in the ſhell itſelf, or hard or 
ſtony bone of the Snail. This may be ſeen 
particularly in that winding or ſinus of the 
ſhell, which is the ſecond from its lower aper- 
ture; I mean that through which the Snail 
throws out its body and verge or foot. There 
may, after this, be further obſerved, the inſer- 
tion of the two longeſt muſcles & of the Snail, 
which ſerve principally to move that great and 
ſmooth verge or border of the body, by the 
aſſiſtance of which, as with a broad kind of 
foot, the Snail creeps forward, and moves from 
place to place ; but this muſt be done with a 
very flow pace, according to the proverb, 
e Slower than a Snail.” Thoſe muſcles in the 
middle of the body, where they are for the 
moſt part inſerted, form a ſtrong tendon ; be- 
tween which, towards the hinder parts, is 
ſeen here and there ſome moiſture, which is 
yellowiſh, pretty thick, and contained in peculiar 
little cells, of the uſe whereof I am hitherto 
entirely ignorant. Backward, under the extreme 
part of the ſhell, we ſee the fibres of theſe muſ- 
cles c run, which are inſerted in thetail of the 
creature, or loweſt extremity of the fringe, 
which is moved by them. Moreover, there is 
ſcen the parts, Tab, VI. fig. 11. d, wherein all 
the tendons of the muſcles of the verge, that ſur- 
rounds the upper part of the Snail's body, have 
their origination. And thoſe, together with the 
tendinous skin that covers the whole ſpiral part 
of the body, afterwards aſcend to the laſt or 
extreme point of the ſhell, but are no where 
further inſerted ; * are only curled, and 

& the extreme end of the 
liver, and move it occaſionally, together with 
the inteſtines. Above, and near the inſertion 
of theſe, is ſeen a ſmall muſcle e, which draws 
in the parts of the jaws and mouth, and the 
cartilage, with which the tongue is covered, 

| together 
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ther with the palate, and ſome other parts 
2 I deſcribe and repreſent this in ſuch 
a manner, that the baſis of the tongue g, and 
its fore-pointed extremity 7, which is armed 
with a kind of horney teeth, may be clearly 
diſtinguiſhed ; although they are all neceſſarily 
put ſomewhat out of their natural ſituation. 
Afterwards appear thoſe two admirable muſ- 
cles bh, which, by turning in the two upper 
horns through their cavity, draw the eyes back 
into the body; the curled foldings ii of the optic 
nerves are found to be tranſparent through thoſe 
muſcles, and are ſeen to run towards the eyes. 
The eyes themſelves ſeem like two black 
points &, over which a certain part of the horns 
thus drawn in ſtill appears: under the former, 
are ſeen two plain, equal, or ſmooth muſcles J, 
which draw the lips and ſome other parts of 
the mouth into the cavity of the body ; at the 
ſides of theſe appear a pair of muſcles mm, 
which are inſerted in thoſe of the lips before- 
mentioned, and ſerye to draw back the two 
lower horns into the cavity of the Snail's 
neck. Between the muſcles hitherto deſcribed, 
are found two very wonderful and ſtrong muſ- 


cles nn, which are inſerted with two firm and 


tough tendons in the middle of the body ; this 
is variouſly and ſtrongly moved by them, and 
is raiſed or elevated into the orifice of the ſhell 
by their power ; between the tendons of thoſe 
muſcles is the proper of the ſpinal mar- 
row in the Snail, which from thence diſtri- 
butes its nerves to all the adjacent parts ; the 
latter ſupplying the nervous fluid or moiſture, 
and giving the power of moving and contract- 
ing; as may be ſeen very diſtinctly in the body 
icke But after what manner the bone of the 
little habitation or ſhell of the Snail is formed, 
and what windings, nr cells, diviſions, 
and cavities it has; this truly ſingular piece of 
art may be traced very eaſily in a natural ſhell, 
as I have endeavoured to expreſs its ſtructure, 
according to nature, with all the accuracy of 
which I was capable. Laſtly, the extreme edge 
of the fringe or foot of the Snail, Tab. IV. 
fig. 11. 99999, in which I have delineated all the 
muſcles hitherto mentioned, deſeryes to be 
carefully regarded. The fleſh, and the fibres 
and tendons are of a ſpotleſs white, ſo that 
there is not much difference in this reſpect 
between the fleſhy and the tendinous part, 
unleſs for the ſmallneſs and ſolidity of the 
fibres. 

Thoſe parts being, in the firſt place, thus 
explained and underſtood, I ſhall proceed to 
deſcribe and to ſe to fight the inward 
parts of the ſhell. The firſt part which deſerves 
conſideration, is the outward orifice of the 
ſhell, fig. 111, a; which being by little and little 
contracted and twined round, forms its ſecond 
diviſion 5, and thence afterwards aſcending 
further, it forms a third c, and at length a 
fourth d, and a fifthe, which is the laſt, and has 
the extreme end of the liver placed in its 
cavity, 


If any one diſſes the ſhell with a fine ſaw, 
made of a ſmall piece of 'a watch ſpring, and 
afterwards breaks open all the inward cells and 
diviſions with a ſharp pointed forceps, he will 
ſee very beautifully how this turning about or 
winding on the infide is effected; and how the 
five ſeparate lodgements in the ſhell are com- 
poſed and twiſted in a ſpiral form, as I have 


repreſented from the life, in Tab. VI. fig. rv. 


numbers 1, 2, 3, 4, and 5, ; 

The ſhell of the Snail makes as beautiful a 
figure, if it be in the following man- 
ner; it is to be cut ſo that the inward poſt, or 
the columella or pillar, about which all the cells 
and inward diviſions are turned, remains alone; 
in this caſe, in the upper end of the pillar, 
where the fifth and laſt lodgement is opened, 
there is ſeen a ſmall aperture, fig. v. a, which 
6 through the whole pillar, from top to 
ttom, and is always larger and wider at the 
entrance of the ſhell, than where the decreaſing 
windings are terminated, Theſe apertures are 
ſeen _ plainer, if the loweſt part of the pillar 
be taken off, fig. v1. c, and the pillar itſelf con- 
ſidered apart. In many kinds of theſe bony 
habitations, theſe a res of the pillar are 
very plain, from this cauſe, that all the wind- 
ings of the ſhell have each their particular and 
diſtinct diviſions, which are faſtened and joined 
together in their twiſtings: we are to except 
from this account, ſuch ſhells as have no wind- 
— and are therefore called tubules or tubular 

8. | 

For theſe reaſons, therefore, this kind of 

ſhelly covering muſt be conceived as a certain 


oblong, hollow, ſharp, and flexible tube, which 


if rolled and turned round a ſmall iron line or 
wire, and afterwards this thread or line were 
drawn away from it, would ſhew ſuch a per- 
forated pillar, which would be the more exact, 
if all thoſe foldings, together with their inclo- 
ſures, were applied cloſely to each other, and 
faſtened and united together. And after this 
manner are almoſt all kinds of ſuch little ſhelly 
habitations built, in whatever wonderful manner 
they appear to be turned or conſtructed. This I 
myſelf have found, by ſtrictly examining many 
different kinds of them which are in my 
father's muſeum. This appears however much 
clearer in ſome ſpecies than in others, in thoſe 
ſhells, particularly, which are called tubules, 
and which are twiſted, Tab. VII. fig. v. b, only 
at their extremity. This conſtruction is ſo plain 
as to be beyond all manner of doubt. I ſhall 
therefore hereafter exhibit other kinds of ſhells 
in their proper places, that the difference may 
he known as far as poſlible, and by the feweſt 
examples. 

From each of theſe larger habitations may 
be formed as many ſmaller as can be deſired, 
provided we firſt break off the pillar and the 
internal ridges, and afterwards make them 
even and ſmooth with a file. This is indeedcon- 


trary to the order of nature, for ſhe always 


proceeds from the leſs, Tab. VI. fig. v11. d, to 
the 
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the greater e, and ſo on to the greateſt f.' I. 
——— by art in this manner the dictinct 
little ſhells which I here exhibit as gradually 
augmented. And that the method whereby 
this increaſe is performed by nature may be 
conceived, Shall noe deſcribe and explain how 
this habitation of the Snail is increaſed and 
augmented. - 
In this ſpecies of Snails, I could never diſ- 
cover the rudiment of the ſhell in the egg it- 
ſelf ; but by obſerving other kinds I have found 
that the little egg laid by them produced always 
a very ſmall but perfect Snail ; and any perſon 
may know, from reaſon, that it muſt happen 
thus, ſince the Snail's muſcles would not be 
otherwiſe ſtrengthened by any inſertion, which 
no body in his ſenſes would even have thought; 
but I follow experience, as the only guide in 
this caſe. In other Snails I have often, through 
the outward ſhell, ſeen the little Snail lying in 
the egg, and moving very diſtinctly, before it 
came out, which I have been ſo happy as to ſhew 
to the illuſtrious Van Beuningen, our ambaſſa- 
dor and conſul. One remarkable thing is, that 
as ſoon as the Snail is come out of the egg, it is 
perceived to be ſo large, that it ſeems wonder- 


ful how it could lie and move, ſo preſſed and 


wrapped up, in that elliptic and narrow cavity 
of the egg-ſhell. 

Again, ſince the water Snails themſelves 
likewiſe move in the egg for ſome days be- 
fore they come out of it, hence one is in- 
clined to conjecture, that the young Snail does 
not leave the ſhell of its egg before it has 
arrived at a certain degree of growth; at which, 
having its little ſhell ſufficiently hardened, it is 
in a condition to creep out of the egg, and to 
increaſe its fleſh and bone, or hard covering, 
with the food it receives. This may likewiſe 
be ſeen in other animals, which bring with 
them into the world fleſh and bones out of 
the uterus, and only perfect them inſenſibly, 
by the uſe of their ſucceeding food. By this 
means, the Snail's ſhell is nouriſhed, as well 
as its ſofter parts; though the former is done 
in ſuch a manner, as to lead one to think that 
it is differs in ſome meaſure from the latter. 

It is beſides this worthy of notice, that 
the ſhell of the Snail has its particular peri- 
oſteum, by which it is covered and incloſed. 
And the ſame may be obſerved outwardly 
about the horns of ſtags, for thoſe are like- 
wiſe incloſed in a peculiar coat, which they 
rub off againſt the trees, and in proceſs of 
time wear away, that is, after the horns have 
acquired their full ſtiffneſs, and the skin that 
ſurrounds them is no more nouriſhed. I have 


found this membrane ſo ſtrong and tough in 


the ſhells of ſome Snails, that it would not 
yield to aqua fortis; but the ſhell itſelf, rather 
than the perioſteum, was corroded thereby. 
This membrane is likewiſe very conſiderable 
in the ſhells of ſea Muſcles, for to this the 
Muſcles faſten thoſe filaments by which they 
hang together, and fix themſelves ſo as 
to prevent their being carried away with the 


1 


tide. The filament I ſpeak of iſſues front 
their body, and is very broad in the forepart, 
almoſt like a piece of a leather, wherewith 
ſome perſons draw on their ſhoes ;' and by the 
aſſiſtance of this, the Muſcles are not only 
joined to each other, but likewiſe cling firmly 
to rocks, wood, ſtones, ſea · weeds, or any thing 
that is near them. Thoſe filaments in othet 
kinds of Muſcles, as in the Pianna Marina, 
are called Byſſus, and are that matter, of 
which, as of filk, that kind of very fine 
linnen uſed to be made, wWhjch, according to 
Rondeletius, was called Byſſus, and in which 


the rich man mentioned in ſcripture was 


clothed. | 0 

In the Snail whereof I here ſpeak, the 
membrane before- mentioned is pretty ſtrong, 
and it is viſible every where in all the notches 
of the ſhell, and their interſtices, Tab. IV. fig. 
II. 3. In other ſhells of the ſame ſpecies, I 
have ſometimes found it worn out, by the 
creatures frequent creeping through ſtony pla- 
ces ; but it is always conſpicuous near the 
aperture out of which the Snail creeps. If 
thoſe who delight in natural curiofities, or 
have muſeums, find a ſhell ſtripped of this 
inveſting membrane, they conclude that it 
was rolled in the ſea long after the death of 
the creature originally contained in it. 

I have ſometimes obſerved that the Snail, 
being about to inlarge its habitation, firſt 
cleared away this perioſteum with its little 
teeth, nay, that it bit off ſome ſmall pieces 
therefrom, and ſwallowed them; however, I 
have obſerved alſo, at other times, that the 
Snail cleaned the edge or margin of its ſhell 
with its teeth, if it was covered with films, 
and that the Snail happened to reſt for any 
conſiderable time. I have likewiſe often 
found that the Snail, when it remains quiet 
for any time, forms films of that kind, and 
beſprinkles them with a calcarious matter, and 
then thoſe films will ferment with vinegar, as 
well as the ſhell itſelf, when worn or rubbed 
in the duſt. And indeed all theſe experi- 
ments evidently demonſtrate that this habita- 
tion is the real skin, or rather the hard or 
ſtony bone of the Snail, which covers it on 
the outſide. 

But if this ſtony ſhell be accurately exa- 
mined, it appears to conſiſt of numerous ſmall, 
tranſparent, and as it were membranaceous 
coats, which have inſenſibly petrified, or 
aſſumed the nature of ſtone ; as may likewiſe 
be obſerved in Craw-fiſh immediately after 
they have caſt their ſhells, and in the bony 
ſkulls of men, which are at firſt only thin 
membranes, but are afterwards turned by de- 
grees into bone. Theſe membranes are at firſt 
like water, and afterwards grow ſolid and in- 
creaſe, when many fibrous and angular parti- 
cles grow by degrees under them, as may be 
ſeen moſt evidently in the heads of abortive 
children. The ſame things may be obſerved 
in the Snail's ſhell, if it be lightly calcined, 
and then put under the microſcope, 1 
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_ As to the method, whereby- fach a ſhell is 
increaſed, the following are the chief particu= 
lars, the Snail's whole body is farniſhed with 
from the orifices of which flows up a 


3 5 
acquire the hardneſs which we 
ſhell. This mucus or thick 
is the firſt matter which grows 
a membrane, and afterwards into a ſtony 


akin. Its filaments are very icuous at the 
places where the windings of the ſhell are ap- 


plied to each other. 

The outward ſcale or enamel of the teeth, 
in men as well as in beaſts, likewiſe conſiſts 
of innumerable very ſmall and very fine fila- 
ments joined together, which I have found in 
fome teeth hard and poliſhed, like real ſtone; 
| the teeth are at firſt but a kind of mu- 
cus or thick humour, and afterwards become 
membranous, and at length fully hard. I have 
ſeen the rudiments of teeth in abortions of five 
months old, which, together with their fila- 
ments, I now keep, can ſhew in them this 

r conſtruction. | 

y moſt reſpected friend, Mr. Stenon, has 
likewiſe diſcovered ſuch filaments in er- 
ſhells, and made my father a preſent, for his 
muſeum, of a ſhell which was buried for a long 
ſeries of years under ground, in the mountains 
of Italy, and, by length of time and moiſture, 
inſenſibly had { ed, as it were, into many 
tender and ſmall ſhells : from this it is evident, 
that the ſhell itſelf was formed of thoſe, in its 
growth, in the manner I have explained. In 
corals I have found nearly the ſame method of 
accretion ; that is, that they are firſt thin mem- 
branes, which, by an inſenfible "pray of he 
little grains joined together, petrify ; as may 
ſeen in a work publiſhed bY Mr. Boccone, of 
corals, in which are two letters of mine treat- 
ing of the ſame matter. | 

If you likewiſe view the tendons of the 
Snail's muſcles, which are inſerted in this part 
of the ſhel}, you will find that they have grown 


hard as a ſtone there; which is indeed eaſily 


known, both from the winding of the ſhell's 
pillar, which becomes larger by degrees, and 
from the infertion of thoſe muſcles in the ſhell. 
In hens likewiſe, and in peacocks, the tendons 
of the muſcles are offified, or become by de- 
grees hard as bones. Theſe tendons, eſpecially 
ſuch as are taken out of the lower parts of the 
foot, are made uſe of, by ſome with us, for 
toothpicks. 
The opercula of the ſhells, Tab. IV. fig. 117, 
n, have almoſt the ſame origin, though their ſub- 
ſtance approaches nearer to chalk or plaſter 
than to a ſtone ; nor is it ſo hard, but is more 
ſpungy than the ſhell, and therefore is made 
x 7 th bat I have obſerved, that when the 
gperculum or cover is finiſhed, and the creature 
enters deeper into the ſhell, itafterwards, under 
the membrane of the ſhell's operculum, pro- 


duces, ſometimes two, fometimes three mem 


| branes, of which ſome are thicker than others, 


and are more or leſs calcarious. About the 
center of this operculum, is likewiſe ſeen a 
membranous filament, which connects all thoſe 
membranes with the opertulum, as if they 
were faſtened with a needle and thread. When 
the creature frames its operculum or cover, it 
retires by degrees more and more into the ſhell; 
ſo that the verge oy ſhuts up. its whole 
cavity, and afterwards prefſes out the chalky , 
moiſture, with the aſſiſtance probably of the 
ſaceulus calcarius, or calcarious bag which we 

The princi t of the body that promotes 
the Ron 77 o ſhell, is — — of the 
Snail, which the creeping in of the Snail cauſes 
to ſwell fo far beyond the extremity of its little 
OD oh that creature wants to ſtretch and 
En it, thus it preſſes by degrees a gluti- 
nous humour out bf the od of the body, 
and thereof immediately forms a membrane 
conſiſting of filaments, which it afterwards 
makes .thicker and thicker, until it at length 
attains a due hardneſs. and firmneſs, by the 
preſſure of the circumambient air. For this 
membtane is at firſt ſo weak and ſoft, that it 
breaks through on the ſlighteſt touch; and this 
is the reaſon why the halictations of Snails are 
found ſo often uneven with ſcars, and ſwellings 
on their ſurfaces. 

If it ſhould happen that the ſhell be preſſed 
in by a fall, or by any other means, or be 
wounded or broken, theſe Snails know ſo well 
how to mend and conſolidate it by degrees, by 
the application of the petrifying —— that 
it becomes more firm than it was before in the 
places which ſuffered the injury. The out- 
ward ſurface by this becomes very unequal 
and tuberous, but the inward ſmooth and 

liſhed. . Something like this is alſo obſerved 
in the fractured bones of animals, which na- 
ture can conſolidate again with a callous ſub- 
ſtance ; but even thoſe are then alſo unequal 
on the ſurface after ſetting. We ſometimes 
meet with ribs of mutton in the ſame manner, 
which it is very certain have been formerly 
fractured. I have ſeen the ſame thing in dif- 
ferent bones of men and other animals. I have 
ſometimes broke a Snail's ſhell fo that I could 
put my little finger in the hole that I made, 
which, notwithſtanding, I have found filled 
up again in four days: ſo that the fame means 
of accretion and tranſmutation, to all intents 
and purpoſes, are obſerved in the Snail's ſhell 
as in the bones of other animals, with this 
only difference, that the veſſels of the former 
are not conſpicuous ; which may probably be 
owing to their ſmallneſs and delicacy, and be- 
cauſe the blood contained in them is White: 
but this makes no difference, | 

Another thing alſo very worthy. of greater 
admiration is, that this ſhell will, even under 
water, whether it be freſh or ſalt, petrify or be- 
come hard as a ſtone, however much it has been 
like a fluid humour in the beginning. This 

S may 
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may be ſeen in river and ſea Snails. But what 
ſeems to me a greater paradox is, that ſome 
inſects frame their ſhelly coverings, and weave 
their little nets under Water, like Silk-worms, 
out of ſmall and glutinous filaments ; ſo. that 
theſe threads, which are ſpun from a fine and 
ſubtle, humour, acquire. their firmneſs,  tena- 
city and hardneſs even in water, as well as the 
threads of Silk-worms do in the air. I can ſhew 
ſome very rare and uncommon experiments on 
this head in the water ſhell-fiſh which I pre- 
ſerve. Let me add, that I have ſeen a Snail 
die the third day after I had taken it out of its 


the Snail was very ſprightly; but 
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none of the blood veſſels, and had likewiſe 
carefully left untouched that part of the ſhell 
wherein the muſcles were inſerted; but that 
Snail before its death preſſed out à certain 
membrane round the whole ſurface of its 


body. This membrane was the ſame in all te- 


ſpects as that on which I have made the pre- 
ceeding experiments, and Was intended by 
nature to ſupply a new ſnhell. In the beginni 


it inſenſibly languiſhed more and more, and at 
length, contracting itſelf under its verge, it 
died. Here end my obſervations on this ſpecies 
of Snails. n e | * 


ö | ſhell ; though in ſeparating it I had hurted 


{2 
— 

N 
0 4 
HF \ 

% 
44:44 | 

U 


R TELE TE, 


Of the Hermit fiſh, and Pinna Marina. Of the inward turnings or convolu- 


tions of the turbinated ſhells, Of the Voluta or Cylinder, the 


Concha V eneris, 


and Pencil, and ſome other ſhells of the Snail kind. | 


I F all the things I have advanced in the pre- 
ceding chapter be attentively weighed and 
conſidered, it will appear clear as the light at 
noon, that the Snail's ſhell is its real bone, 
without which it cannot live. Hence it ap- 

ears what an idle fable that is which is eſta- 

liſhed even amongſt thoſe who ſtudy ſhell- 
fiſhes, when they ſhew ſome of the Crab kind 
in their muſeums, adding at the ſame time 
that they paſs from one ſhell to another, de- 
vour the animals that lived in thoſe ſhells, and 
keep them for their own habitations. They 
dignify them with founding names and addi- 
tions, as Soldiers, Hermits, and the like ; and 
thus, having no experience, they commit 
, groſs errors, and deceive themſelves as well as 
others with their idle imaginations. 


Some years ſince, when I was at the Hague, 


I employed ſome fiſhermen who lived at Sche- 
veling, to bring me all the ſtrange fiſhes which 
they ſhould catch. It ſo happened that among 
the reſt they brought many ſmall Crabs, Tab. 
XI. fig. 1. a; each of which lived in a kind of 
twiſted, round, ſmooth and poliſhed ſhell ; 
but when I viewed the animals themſelves 
more accurately, I obſerved that they reſem- 
bled Crabs only in their fore part, that is, the 
had four feet gg, and two forceps, of which 
the right e was much ſtronger and thicker, 
than the left F. I further ſaw there two ten- 
der feelers or horns dd, and two prominent 
eyes c; and under the latter there were placed 
ſome other ſmall parts. 'The inward part or 
body of this Crab was fixed to the pillar of 
the ſhell, by the tendons of its Bay] wy but 
otherwiſe it was ſoft and conſolidated,. as in 
Wilks and other Marina or ſea Snails. 
Ariſtotle and Mlian tell us, that in ſome 
ſhells there are both a Crab and Snail toge- 
ther; hence the Crab has got the name of 
Pinnophylax or ſhell-keeper. Theſe anthors 
likewiſe harbour another ingenious opinion, 


which is, that the Crab provides food for its 
companion the Snail; ſo that theſe two little 
animals live it ſeems, and have all neceſſaries, 
in common, which is an admirable thing, and 
which has given ſome authors occaſion to 
frame ſeveral bles, and make various mo- 
ral reflections. It is beyond doubt that this 
animal they deſcribe was likewiſe a ſpecies of 
the Cancellus or Hermit Crab, one part where- 
of, that which provides neceſſaries, and creeps 
out of the ſhell, is covered with a hard cruſt ; 
but that which remains within the ſhell is 
the ſoft and tender part of the body ; and as 
the ſhell ſerves in this part inſtead of a skin 
or covering, there was therefore' no need of 
a teſtaceous cover or cruſt, as we have already 
obſerved with reſpect to the Cancellus. 

The Pinna is a ſpecies of the Oſtracoder- 
mon, and is at this time called Vinne in the 
Netherlands, by thoſe who have a curioſity 
for things of this nature ; becauſe, perhaps, 
the animal living within ſeeks its prey by 
violence, and catches and kills leſs creatures 
with its forceps. It may poſſibly alſo have its 
name from hence, that its ſhell is commonly 
as thin as the fin of a fiſh, and when ſtript of 
its skin, is tranſparent like the ſcales of fiſhes. 
This ſhell is contracted into a ſharp or pointed 
end on one part. In my father's muſeum are 
many ſpecimens of thoſe ſhells, which are 
called by ſome prickly Muſcles. 

I ſhall not deny that ſmall Crabs are 
frequently found in the ſhells of ſea Snails, 
when their inhabitants have been killed 
and taken out of them; nay, and ſometimes 
Star-fiſh are found in the ſame manner, for I 
ſaw this very thing in the town of Petten, on 
the ſea coaſt. But this happens only by 
chance, and theſe little 14 cannot ſtay 
long in thoſe habitations ; when hunger begins 
to incite, they 7 out for food. Thus, when 
I was looking for inſects, I have, in WP 
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with Mr. Thevenot, and Me. Stenon, found 
ſeveral ſmall Crabs in the river Seine, in the 
bones of ſome ox's skulls which had been 
thrown into that river. (+: OAK | 

The (hell in which the Hermit abovemen- 
tioned lies, is on the infide twiſted into the like 
windings as the operculated Wilk; I ſhall there- 
fore omit its figure in this place. But that the 
diverſity. of the windings. may be known, in 
ſome meaſure, in other ſhells, I ſhall now re- 
iN N windings of the turbinated 

ind. The common Turbo is of a very elegant 
ſtructure; it begins at the baſis with broader 
windings, Tab. VII. fig. 1. a, and, rifing by 
degrees obliquely, like a circular ſtair- caſe, con- 
verges into an acute point 6, and thus forms 
various cells and lodgments. TE! 

But the figure of the Voluta, or that called 
the Cylinder Snail, is much more beautiful, be- 
cauſe the convolution or winding is more com- 

licate and intricate; its entrance, fig. 11. a, grow- 
ing narrower bby degrees, forms another round c, 
which afterwards, being ſtill twiſted or convo- 
luted d round its pillar, produces beautiful and 
regularly ſpiral tendrils, which grow narrower 
by degrees, and at length are loſt. This ſtructure 
truly merits admiration, for all things are there 
ſo beautifully divided and ſeparated by inward 
diviſions and cells, that they exhibit a labyrinth 
of miracles, into the inward cell of which we 
cannot obtain admittance, unleſs we firſt paſs 
round all theſe windings. Nor can any one 
diſcover. its wonderful elegance, unleſs guided 
by the Ariadnean thread of an unwearied re- 
ſearch into the works of God. The es > 
gives knowledge as the price of labour, which 
the heathens themſelves have declared. 

No leſs admirable are the finuſes of the 
Concha Veneris, with which the women in 
Hoiland adorn the ſtrings tied to their keys, 
and poliſh their whitened linen after bleaching. 


This ſhell is conſtructed with various convolu-- 


tions, and unuſual and amazing windings, like 
tendrils; and toall thoſe convolutions of the in- 
ward part of the ſhell, the body is fitted and 
made to agree by its bendings and windings. 
J have already explained in the Snail before 
deſcribed how this is done. Its entrance, Tab. 
VII. fig. 111. 4, is beautifully fortified and di- 


vided into little teeth like thoſe of a ſaw ; ſuch - 


as are likewiſe obſerved to be placed on the 


Inſide about each winding, as far as the extre- 


mity 6 of the ſhell, which terminates in a very 
ſharp and ſmall point. But all theſe remark- 
able things cannot be exhibited in a fingle 
figure. 


In the Penicilli Marini, which the French 


call pencils or plumes, the moſt wiſe architect 
has diſpoſed their windings in a very diffe- 
rent manner: they begin in the orifice, 
fig. Iv. a, of the Penicillus, and inſenſibly form 


another lodgment or apartment, with their 


notched or denticulated bendings; then as it 


were, diminiſhing by degrees; and riſing again 
with broader convolutions, they form a third 
lodgment e; afterwards they decreaſe more and 
more, and make a fourth d, fifth e, ſixth f; 
and ſeventh g com ent. The laſt is li 

a little ſtring or tuft of filaments, and is pro- 
perly the firſt rudiment from which the Peni- 
cillus begins to increaſe, and whence, by a gra- 


dual - augmentation, it acquires or raiſes all the 


reſt of the compartments: . 80 

In the cabinets of the curious, there is kept 
a certain ſpecies of Snails, which agrees in its in- 
ternal conſtruction, well enough with the Cornu 
Ammonis. This conſiſts of a ſimple little tube, 
fig: v11 a, rolled into itſelf, very large before, 
narrower behind; and ending in a very i 
point. It differs from No other ſhells of 
Snails, becauſe it is divided on the inſide into 
numerous compartments; by delicate partitions; 
which are tranſparent even on the- outſide, 1, 
2, 3s 45 5, &c. In the fore end, the 
partition which is hollow like a ſaucer, is naked 
or plain to the eye, and has a ſmall hole pierced 
through it there a. If this hole be accu- 


' rately viewed, it is found actually to open into 


the tubular appendage of the partition, which 
appendage or tube is inſerted in the opening of 
the ſecond partition, and the tube of the ſe- 
cond into the aperture of the third, the third 
into the fourth, and fo afterwards to the end 
ol the nel. Gat | 

All theſe things a lainer, if the out- 
ward ſhell of iy Saal is Scked off ; for then 
the ſtories or partitions, Tab. VII. fig. vi II. 36, 
ſituate in the Snail's tube, are ſeen very plain- 
ly, as well as the little tube or ſiphunculus, that 
reaches from the firſt partition to the aperture 
and tube of the ſecond, and the tube of the 
ſecond to the third, and ſo to the extremity of 
the Snail: all which may be ſeen about the 
inward fide of the curvature c of this creature 


very diſtinctly. But fince theſe things cannot 


be ſo diſtinctly exhibited or underſtood under 
its natural ſize, I have thought it adviſe- 


able to repreſent, of theſe, ſeveral partitions 


conſiderably magnified ; in which figures, the 
acetabulum or partition appears firſt in its com- 
pals, fig. 1x. ddd, and on the inſide its inward 
fold, hollow like a ſpoon. On the upper part 
of this is ſeen e a little aperture formed with, 
the moſt exquiſite art. 'Behind this aperture 
is ſeen, the tubular appendage of the acetabu- 
lum or partition, which, on the upper and 
lower fide of that partition, is ſtretched out, 
like the crooked handle out of a certain ſpoon, 
and is received very exactly into the aperture 
and tubular appendages of the partition, fig. x. g, 


and this again into the aperture and tube of the 


third h. 


All Nautali are of this ſtructure, as alſo the Arthoceratilz, as well as Cornua Ammonis, which are found petrified, being inha- 
bitants of deep ſeas ; whence they are never got up living, nor the ſhell ſeen recent. In the large thick Nautilus, theſe parti- 
tions are forty or more in number, and there runs through them all a pipe ; this is called the fiphunculus ; the animal within is 
of the Sepia or Cuttle-fiſh kind. In the Arthoceratilz they are more numerous. We ſee this ſhell-foflil in the ped ſtones called 


Swedes paving, and uſed in court- yards, and for flat walks, 


What 


What has been hitherto ſaid, is far from 
completing the artificial ſtructure of this won- 
derful 2 for - 3 Ammonis be- 
and their abe Ti become leſs,” and a lenge 
they become inviſible. I obſerve likewiſe, 
theſe tubes of the partition are not connected 
together, but are only vontiguous, and are put 
into each other, in the fame manner as the 
tubes of t xe, which receive each other 


in ſuch a manner as to be freely moveable. 


But on the contrary, the acetabula or partitions 
themſelves increaſe with the Snail's , and 
are united to it. I preſerve ſome of theſe ace- 
tabula, which ſhew their very elegant ſtructure, 
if their tubes are joined together; for which 
rpoſe, and that they ſhould not be eaſily 
2 I keep them together bound with a filver 
thread | 


in regard to its ſtructure, and its ſhell conſiſts 
of one crooked tube. It differs, however, 
from the reſt only in that the apartments or 
cells are in a different manner, and have 
perforated handles : theſe may be ſaid to form 
the pillar of this Snail, ſince they exactly re- 
ceive each other. 

I never ſaw this ſhell with its Snail but 
empty only in my father's cabinet. I ſhould 
therefore be very to know, by what means 
the body of this little creature, which inhabits 
that ſhelly houſe, is placed there, and whether 
it extends through all thoſe apertures from cell 
to cell, and is interſected, as it were, in fo 
many places; or whether it lives only in the 
extreme apartment, and is inſerted with its 
muſcles in the tubes of the ſhell. But how- 
ever much I wiſh to be gratified in this parti- 
cular, I ſhall never, probably, accompliſh my 
deſire. It would therefore be proper for thoſe 
who viſit foreign countries, for the ſake of 
commerce, to import ſuch things; for thou 
they have never ſo little curioſity or taſte for 
theſe ſtudies, they ought to endeavour to make 
the works of God manifeſt to poſterity, and 
by due care they might profit more than by 
any other means whatſoever, 

The great Indian Nautilus is nearly of the 
ſame ſtructure with the Cornu Ammonis, and 
therefore I had once thought to give its figure 
in this place: but ſince it is found in many of 
the cabinets of the curious, and of the - fan 
ſtructure with this, I ſhall deſiſt from my 
intended purpoſe, and the rather, becauſe the 
celebrated Aldrovandus has left us a pretty neat 
and exact figure thereof. | 

Let it ſuffice, that I have annexed the figures 
of the two tubular Snails, or teſtaceous tubes 
already deſcribed, which afford an example, 
from which the manner of conſtructing all the 
ſhells of Snails may, in ſome meaſure, be un- 
derſtood. All the difference obſerved between 
them ariſes from the variation of their convo- 


® Theſe are called Tubuli Marini by authors: they are ſimple and plainly hollow. Some are ſtraited, and others ſmooth on 
the ſurface ; ſome perfectly trait, others twiſted at the end. They are found looſe on the ſhore, and lodged in ſolid ſubſtancrs. 


The animal within is a true Snail, 


This Snail therefore agrees with all others 


liquely directed upwards. 
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ſome ontward- ornaments of ridges,” hollows, 
preſſions, exten- 


exhibits the moſt ſunple articulation of all the 
kinds; for in their beginning they are ſtretched 
out, like a plain tube, Tab. VII. fig. v. a, or 
little inteſtine, and are turned or bent round 
moſtly near the end bh. And hence ariſes that 
cavity, hg VI. c, whereof I ſpoke, when I 
treated of the cavity of the pillar. But theſe 
tubular creatures grow together, ſometimes ten 
or twenty, in fo exed a manner, that no- 
thing certain can be diſtinguiſhed concerning 
them, ſince nothing appears to our view but 
ends or tops, windings and httle apertures. 

I ſhall further add, that almoſt all kinds of 
Snails and ſhell-fiſh are twiſted towards one and 
the ſame fide; nor can many be found, at leaſt 
very ſeldom, the convolutions whereof 
Tab. VII. fig. x1. a, in a direction contrary to 
the others. In [ſome ſpecies of oval Turbo's, 
and ſome others, this is ſometimes found ; and 
ſuch ſhells, for this reaſon, that they are 
leis common and more eſteemed, are carefully 
kept in the cabinet of the curious. 


The litele Turbo. 


I found ſome years ago a ſmall Snail between 
the bark and wood of an old willow-tree, the 
ſhell whereof reſembled a ſea Turbo, and from 
a ſomewhat broad beginning, terminated Tab, 


VIII. fig. 1. 4, inſenfibly in a ſharp- pointed 


top. This Snail is never ſeen in the day time, 
wm in rainy weather; it then always hides 
itſelf under the bark, or in other ſhady places, 
and reſting there, it faſtens that part of its 
ſhell by which the body creeps forward, to 
the wood, the other acute extremity being ob- 
The ſhell of this 
Snail is likewiſe curled or convoluted in an in- 
verſe manner; and what merits great notice is, 
that its genital organs are placed in the leſt fide 
of its neck, in an order to all other 
Snails. But I have ſometimes obſerved the 


convolution of the ſhell to be inverted in the 


Purple-fiſh. It is therefore probable that hat- 
ever Snails have their ſhell twiſtcd in an in- 
verted manner, have likewiſe their genitals in 
the ſame ſituation. 

I have very ſeldom ſeen this Snail with its 
ſhell larger than I have expreſſed it in the figure; 
nor have I found that part & of its body, which 


creeps 


creeps therefrom, larger than there ſhewn : for 
when this turns out, it carries its little 
ſhell like a pyramid wow 252d on its body. It 
has four horns, whereof the two upper ones 
have their eyes in their extremities. The two 
lower do not appear fo diſtinctly, being only 
two obtuſe or blunt little ſwellings. The two 
upper horns and the eyes are large, in propor- 
tion to the bigneſs of the creature. The aper- 
ture of its verge, through which it breathes, is 
likewiſe in its left fide. Its ſhell is twiſted into 
ſeven ſpiral lines, and is adorned on every fide 
with little ribs or ridges, fo that, by this means, 
very beautiful wrinkles or folds appear in this 
ſhell, which has likewiſe its perioſteum to 
cover it. 

The internal parts of this little creature 
agrees in general with thoſe of the common 
covered Snail. The parts of the jaws, mouth, 
and palate, and all the ſalival veſſels and the 
ſtomach, are alike in both. The brain lies on 
the gullet, and may likewiſe be beautifully di- 
ſtinguiſhed, but in its ſtructure it approaches 
more to the brain of the common water Snail, 
which I have repreſented in Tab. VIII. fig. Iv. 
Its pointed liver fills the extremity of the ſhell, 
and, like the latter, it is likewiſe twiſted, but 
its ſtructure is glandulous. The orifices for the 
penis and uterus are opened in the left fide, ſo 
that the penis, erecting itſelf, ſprings. from a 
place directly oppoſite -to that in the common 
Snail. But it appears from this perfection of 
the genital parts, that the creature, though 
ſo minute, has already attained its full ſize. 
The ovary likewiſe appeared to me pretty di- 
ſtint. The purple ſacculus or bag, was like- 
wiſe very viſible, as well as the little part in 
the form of a chain. 

I preſerved this Snail alive ſome days, by 
giving it lettuce in a glaſs veſſel, into which I 
had poured alſo ſome drops of water, during 
which time it moved the whole day. At other 
times, when the weather is hotter, this ſpecies 
eat chiefly at night. In the month of June 
I found it under the bark of willows. 

If its ſhell be viewed with a microſcope, the 
aperture, Tab. VIII. fig. 11. a, of the inverted 
twiſt, through which the body paſſes, and the 
opening 6 of the pillar, and the ridges of the 
ſurface, or the ribs ccc, appear clearly to the 
eye. 


The ſmall flatted Snail, 


Under the bark of willows is likewiſe found 
another ſpecies of ſmall Snails, the ſhell, fig. 
III. a, of which is ſomewhat of a more ſim- 
ple ſtructure, and fo thin that it is all over 
_ tranſparent. The Snail contained in this died 
for drought before I could difſe& it. Its ſhell 


neſs; ſo that the dead body of the Snail ap- 


hy 
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was all tranſparent, by reaſon of its exquiſite fine- 


69 
peared through it, diverſified with ſome colours 
and ſpots. | 


The oval Snail. 


In the ruſhy graſs of ditches, and on the 
water-lilly, when its leaves reach to the ſur- 
face in rivers, there is found a certain ſpecies 
of Snails, which reſide there on account of the 
cool air and moiſture, where they may at 
any time ſeek out for their food: but they go 
to feed chiefly late in the evening arid carly in 
the morning, and in the heat of the day they 
remain quiet near each. other under the ſhade. 
Their ſhell which they carry on their bodies, 
is of an oval figure, marked with many hollows 
or furrows, and adorned, Tab. VIII. fig. Iv. @, 
with a perioſteum of a pale red colour. The 
hinder part is ſo tender, that when roughly 
handled, it is very eaſily broke, and this is rolled 
into a double ſpiral part 6, The body of the 
creature that creeps c out from thence is mark- 
ed with points or black ſpots, and in the fore 
part it ſtretches out two blunt or obtuſe d horns, 
under which are ſeen two others ſmaller, 

In the mouth of this Snail is a pretty ſtrong 
tooth, which is extended into a horny little 
bone, and expands itſelf through the whole 
inward part of the mouth. The aperture of 
the verge is on the right ſide, and the orifices 
of the genital parts open at the ſame ſide in the 
neck. The ſtomach is of a pale colour, and is 
variegated with black points or ſpots ; hence it 
appears * the whole gray. The falival veſ- 
ſels which run near the gullet under the brain 
are 77 remarkable — large, in proportion 
to the ſize of the animal, and are Heckled or 
ſpotted like the ſtomach. The liver is the ſame 
as in the common Snail, The heart is placed 
in the left ſide, and there lies the lime bag alſo, 
which is very large, and full of round white 
globules of various ſizes, The brain and nerves 
are like thoſe of the common covered Snail. 
The penis appears ſhort, but if the membrane, 
by which it is erected, be opened, it is found 
bent on the inſide like the tendril of a vine, 
and is ſeen to be really very long. The ſtruc- 
ture of the uterus is the ſame with that of the 
common Snail ; but on one fide of it is a ſmall 
part that I never ſaw in that Snail. After this 
follows the yellow ſacculous bag deſigned for 
the glutinous moiſture ; and at length the ſmall 

rt in the form of a chain, which is very 

lack like pitch. The purple pearl-eyed little 
knot appears half round in this Snail, though 
it is really ſomewhat oval. I could not diſcover 
more parts in this little creature, though I ob- 
ſerved that it had the ſame muſcles as the 
common Snail ; nay, that two of them were 
deſigned to paſs underneath through the brain, 
for the purpoſe of drawing in the parts before 
mentioned, "Wii's, or 


. CHAP, 


A LL the external and internal parts of the 
garden Snail, which is a handſome little 
creature, are the ſame with thoſe of the larger 
Snail, only that they differ a little here and 
there in reſpect of ſtructure and colour. 
Sitice therefore the difference is not ſo great in 
regard to the reſt, I ſhall here briefly explain 
the only one that is in the genital parts. The 
aperture of the genital organs, Tab. VIII. 
fig. v. a, is placed in the neck, ſomewhat lower 
than it is in the larger Snail. The uterus 36 
and its ligament c, and the bag which holds the 
glutinous moiſture, are like thoſe of the larger 
Snail d. There is, moreover, no difference in 
the chain-like little part e. As I began this in- 
uiry in the month of June, which was indeed 
far advanced, the little eggs f were ſeen more 
diſtin in the ovary, near the extreme ſpiral 
part g of the liver; theſe eggs were, in my 
opinion, to be carried from thence through the 
chain-like little part into the uterus, and to be 
covered all over with the glutinous moiſture. 
The purple little knot Y was of a colour almoſt 
approaching to a pale yellow, and contained a 
ſtronger ſubſtance than in the larger Snail. The 
other tube or pipe i, which in the larger Snail 
opens into the uterus, was in this ſtretched ont 
further, and the alcaline little bone was, in a 
ſituation directly contrary, thruſt into it. In 
the larger Snail, likewiſe, I have found this tube 
ſometimes in the ſame ſituation. This little 
part was moreover fortned, where in its be- 
ginning it is connected with the uterus &, in the 
ſame manner as it is in the larger Snail. The 
imperforated appendage / of the uterus has 
likewiſe the fame ſtructure, but is of a more 
gray colour: the teſticles m likewiſe, were like 
thoſe of the covered Snail, but confiſted of 
longer filaments, and were divided only into fix 
veſſels. The alcaline little bone A was of a ſtruc- 
ture entirely different, and wanted thoſe four 
little ribs, which I have before exhibited in the 
magnified bone of the larger Snail, but was 
very beautifully decorated with little holes, and 
little prominences that met all together. It 
was however full as big as the little bone of 
the other Snail, and may likewiſe be ſtretched 
further out of the body, for it ſtood on a 
longer little knot, the neck whereof was much 
longer, and likewiſe of a gray colour. The 
penis oo ſeemed longer and more acute, and I 
have here delineated its only muſcle, Tab. VIII. 
fig. v. p, which draws it in. This was placed 
in the ſame manner as in the large Snail. 
Moreover, the common duct 4 between the 
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G H A xn.” 
Of the garden Snail *; the houſe Snail, and that of the fields or path ways. 


penis and uterus did not differ in reſpect to its 
ſtructure. But this Snail twiſted about the 
ſharp end of its penis in the diſſection, and 
curled it into various turns 7, which I never 
ſaw ſo clearly and diſtinctly in the other Snail. 
There is great difference between the man- 
ner of coition in the larger Snail and this of the 
garden; the penis of this latter is rolled out fur- 
ther, and is more erected and much longer ; it 
has at its origination the ſame glands the skin 
is provided with. The coition of the garden 
Snail continues longer than that of the larger 
Snail. And the whole penis of one Snail is 
put as far as its extremity into the body of 
another ; hence theſe two penis's are ſometimes 
ſeen, fig. v1. a, twiſted together in a very won- 
derful manner, But this winding is not ſeen 
ſo beautifully as I have delineated it, unleſs the 
Snails are drawn a little aſunder; for then is 
perceived the wonderful manner whereby the 
penis of one Snail & rolls itſelf round the penis 
of the other, and enters into the uterus c, whilſt 
the penis of the latter is, in its turn, twiſted 
round that of the former d, and likewiſe put 
into the orifice of that creature's uterus e. But 
if theſe Snails are pulled away from each other 
at the time of coition, the whole penis's, long 
as they are, being drawn from the orifice of 
both Snails appear in fight, and each creature 
afterwards turns them in in a wonderful manner, 
and after a ſhort time draw them back again 
into the body. 

But as each Snail has its genital parts in the 
right ſide of the neck, their heads are applied 
to each other croſs-ways at the time of coi- 
tion, and conſequently the body and horns of 
each Snail have a contrary fituation at that 


time. For in the body of the former Snail f, 


the opening and diviſions of the verge whereby 
it draws the air, are viſible; but in the latter 
Snail nothing is ſeen of them g, for this Snail 
is placed in a different manner. 

Theſe garden Snails are of the moſt common 
kind. Their ſhell is grounded on yellow, and 
is divided lightly by ſpecial ſmall furrows ; it is 
alſo adorned with tawny or black rings, which 
ſurround it nearly in the courſe of the ſhell's 
ſpiral turns. It is alſo. covered with a 
thin membrane or perioſteum, which is black 
or yellow in the ſame places where the ſhell 
itſelf is painted in that manner, and it likewiſe 
preſerves its colour when the membrane is taken 
from it. 

Each of theſe Snails has alſo four horns, of 
which the two upper ones only have eyes. 


The ſpecies here meant by the author, is the common ſmall painted Snail, which we find in hedges. We uſually call the 


larger brown kind the garden Snail, 


bechuſe it is more common with us in gardens ; but this the author calls the common 


Snail, This leſs being more frequent EY gardens of Holland, is the garden Snail of that country, 


It 


* 


It was therefore an idle fancy, in ſome perſons, 
to think that the Snail uſes its horns, as a blind 
man does his tick, that is, to find out the way 
it is to creep through, or to try and diſtinguiſh, 
by its touch, whether objects are bard or ſoft. 
The head of theſe Snails, in that part of it 
| where the lips are ſituated, reſembles, in ſome 
meaſure, the head of a cat; and when well 
viewed, it appears like it in ſeveral reſpects more 
evidently. 


The common houſe Snail. 


The naked houſe Snail, which is found in 
moiſt cellars and about the tops of ciſterns, is 
naked and has no ſhell, but is covered with its 
skin only. In this particular it agrees with that 
rt of the co Snail, which creeps out of 
the ſhell. On the outſide it is provided with 
four horns on its head; the two uppermoſt 
whereof have eyes at their extremities, Tab. 
VIII. fig. vii. ac, which are ſituated a little 
within the margin, on that fide which lies to- 
wards the eminence placed on the back. The 
two lower horns 66 are ſmaller and have no 


eminence or velabrum cc which is fixed to the 
back, and runs along the reſt of the body; 
and the body is furniſhed with oblong, acute, 
and tender glandules, and variegated with black 
lines and ſpots. But the horns, head, neck, 
and whatever reaches beyond the eminence, are 
adorned with many ſmaller and more delicate 
glandules. On the right of the declivity of the 
neck appears an apperture 4, through which 
the genital organs puſh themſelves. 

The eminence on its back itſelf, is of a dif- 
ferent colour from the reſt of the body, for it is 
adorned with chanelled or creſted little grains, 
and it is moreover very beautifully variegated 
with black ſpots. This is not common to all 
houſe Snails, for they differ much in colour, 
Towards the fore part, at the head, the emi- 
nence is looſe and free, but for the moſt part, 
it is kept very cloſe to the body, unleſs when 
any one provokes or vexes the Snail in that 
place ; for then it raiſes and moves it different 
ways; and I have, for that reaſon, drawn it 
as elevated in the figure. On the hinder part, 
towards the back, the eminence is very ſtrongly 
joined to the body; but in its right fide opens 
an aperture, Tab. VIII. fig. vii. e, whereby 
the Snail draws air and breathes, and diſcharges 
its fœces; for which uſes the verge is likewiſe 
appointed in the covered Snail, and with this 


as it is placed on the fore part of the body, 
The hinder part of the body is not very re- 
markable, only in reſpect of the different ſtruc- 
ture of its glandules. Moreover, in both ſides 
of the body is obſerved a ſmall, black,” unequal 
margin. In fine, there is on the hinder part, 
above the tail, a prominent ſubſtance , like a 
Cock's comb, which is indeed diſpoſed in a 
different manner in the field Snail. The Snail 
ſecretes a glutinous humour from this part. 


eyes. There is further ſeen on its body, that 


verge the eminence agrees very much, ſo far 
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If any one opens the eminence at the mouth 
of the air paſſage with a little pair of ſciſſors, 
he will ſee that the inward skin is made on the 
inſide like a net; which ſtructure ſeems to be 
produced by the veſſels diſtributed through it, 
as T have likewiſe before ſhewn in the verge of 
the covered Snail. 'This little net may be ſeen 


very beautifully through the aperture of the 


eminence on a clear day, when the Snail opens 
it; for the creature can contract it ſo cloſely, 
that not even a veſtige of an aperture appears. 
In the cavity of this eminence, on the left fide 
of the body are ſeen the heart, which beats, 
together with its auricle and pericardium, and 
likewiſe other cavities through which the air 
paſſes, But when you remove this little net 
from its place, you will ſee a ſmall ſtone 
underneath, which is called, by authors, Lapis 
Limacis, the Snail ſtone, and is ſaid to ſerve for 
various uſes in medicine. This little ſtone may 
properly be called the os thoracis, or breaſt bone 
of thecreature, for it is placed in the middle of 
the thorax and back. It is of the figure of a 
ſmall hollow, and ſomewhat long ſhell, fig. 
V 111. a. and being connected in its circumference 
with various membranes, and on the upper fide 
with the little net, it is thus kept in its place. 
It is ſometimes obſerved to be altogether mem- 
branous, but ſometimes it is pretty thick and 
all ſtony, and it ferments with an acid; at 
other times, again, it becomes ſtony only here 
and there, and is obſerved to be interwoven 5, 
as it were, with veſſels which are filled with 


ſtony little grains. Hence one may underſtand 
the manner of its production, which is from 


the coagulation of the ſtony particles; in like 
manner as is obſerved in the membranes which 
the covered Snail frames, when it lies ſome 
time at reſt, Theſe ſhelly ſtones are found in 
younger, as well as full-grown houſe Snails, 
and I have ſometimes found in the largeſt, very 


ſmall and membranaceous ones, interwoven 


with various ified veſſels; and often in 
ſmaller ones, I have found them formed of 
ſolid ſtone, Hence I am inclined to think, that 
the Snails change this their little ſtone yearly, in 
theſame manner as Craw-fiſh change thoſe two 
ſemi-convex and plain ſtones, which are like- 
wiſe placed in their thorax, and are improperly 
called Crabs eyes. | 

Near the heart is obſerved a ſacculus calca- 
rious, or lime bag, not much different from 
that which we have deſcribed in the large Snail. 
Afterwards the ſtomach, inteſtines, and geni- 
tal parts preſent themſelves in the abdomen. 
The ſtomach is indeed pretty large and ſtrong, 
and conſiſts of three diſtinctly viſible coats. 
The innermoſt is wrinkled into plaits, and is 
of a yellow colour; the middle one is muſcu- 
lar; the outermoſt is ſome what corrugated or 
rough, with very beautiful partitions, eſpecially 
when the ſtomach is empty, Directly before 
are ſeen the falival veſſels, which, as well as 
thoſe out of which they ſpring, are ſhorter than 
in the larger Snail; but they are of the ſame 
texture, The inteſtines paſs twiſting or wind- 
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h ing through the liver, which is placed between than others. The chain-like little part ii was 
| them, but they are much leſs rolled and turned ſtretched ſtraight, or upright enough, The 
j in this than in the larger Snail, ſince they are was fallendown#, and deprived of its eggs, ſothat 
ſtretched according to the length of the body, nothing was left in it but the membranous inclo- 
and are not obliged to follow the convolutions ſures. _ All the eggs, in my opinion, had deſ- 
of a ſhell, The liver is divided into many cended through the chain-like tube into the ute 
lobes, and conſiſts only of minute glandules. rus, and were to be immediately there covered 
The genital parts in this Snail are worthy of with moiſture, by means of the ſaculus that 
ticular notice, ſince they fill the whole belly: ſecretes that fluid: this I ſhall explain more at 
t I ſhall treat of theſe hereafter, when Iſhall large, when I ſhall ſpeak of the field Snail, Nor 
briefly deſcribe the parts of the head, neck and did the eggs, notwithſtanding, fluctuate freely 
breaſt, The head preſents a tooth, viſible in in the uterus, but they all lay firmly fixed on 
the mouth like that of the larger Snail, and one fide, which makes me ſtill doubt to ad- 
Ly all the parts of the mouth are formed in vance what I have faid of the ovary and eggs 
the ſame manner as we have there related, as true and certain. But I hope theſe things 
The brain likewiſe, the ſpiral marrow, and the will hereafter be made plainer. I ſhall there- 
nerves, which are-placed in the neck, do not fore proceed to the field Snail, the anatomy of 
differ much, and are eaſily diſcovered, The which will throw great light on this matter. 
muſcles which move the upper horns. inward, : 
are much, more brown or blackiſh than in the Of the field or path-way Snail. 
larger Snail; but the reſt, and likewiſe thoſe | 
which paſs through the thorax, have ſome The common Snail of the path ways and 
fleſh, as well as their white tendons, and are fields differs from the houſe Snail, chiefly in 
both inſerted in the ſkin, which is very thick, reſpec of the ſtructure of its external skin, and 
and where the eminence lies: nor are there in a peculiar kind of verge which ſurrounds 
any bones in the Snail, in which the muſcles its body; to which may be added, the fiſſure 
{ſhould be inſerted. A muſcle is therefore here that is in the extremity of its tail, out of 
inſerted in a muſcle, and one dilates another, which a certain glutinous humour is ſecreted : 
which is a very admirable thing to ſee in but there is no difference in the internal parts. 
animals. | I have delineated the field Snail, which I here 
The organs of generation in this Snail, open exhibit, in the form it has when contracted, 
by three diſtin&t apertures in the neck, Tab. Thus its two largeſt horns, Tab. IX. fig. 1. a, 
VIII. fig. 1x. a, which unite in one ge on may be ſeen, except a ſmall part thereof, which 
the outſide. The firſt opening is peculiar-to the is covered by the eminence or velabrum. On 
penis 5, the ſecond to the uterus ccc, the the right of this velabrum is ſeen an aperture 6, 
third to the purple bag, which is very ſhort whereby the Snail draws the air and diſcharges 
in this Snail. The penis is ſtrong and very its excrements: the ſame may be obſerved like- 
nervous, and it lies in a little kind of a purſe, wiſe in the houſe Snail. - In the cavity of the 
which may be diſtended by the breath, that eminence, the skin is alſo white and reticulated, 
the penis may roll itſelf out from thence. On as it is in the houſe Snail. The external tex- 
the hinder part or ſide of the penis iſſues a ſmall ture of this eminence conſiſts of fine glandu- 
filament e, which is connected with that of lar granules, or little grains, which are far from 
the uterus V. This ligament of the uterus being orbicular ; they are ſtriated as it were, 
abounds with many granules, which are white, and rendered unequal by ſome tubercles, though 
and unequally divided; thoſe, at firſt fight, I theſe ſtriæ or furrows are not as remarkable in 
took for the ovary in the larger Snail, thinking this as in the houſe Snail. . The reſt of the 
that the little eggs were conveyed through cer- body is furrowed as with pretty conſiderable 
tain hidden channels out of it into the uterus; wrinkles ; hence it is that many glandular pro- 
but I now obſerve, that it has a peculiar kind tuberances appear in it, which are of a trian- 
of tube in this Snail, which opens into the hinder gular form, and riſe up obliquely, and are di- 
part of the cavity of the penis, and conveys its vided cc by many ſmall = os The body is, 
matter into it, The uterus wraps itſelf round moreover, adorned with a full, or gloſſy, red 
this ligament, and is greatly ſtrengthened by verge dd, which is beautifully divided and ſub- 
its connexion therewith, though this connexion divided by black furrows, ſome of which there- 
is formed in the beginning only by ſmall in- fore are more conſpicuous than others. This 
tervening membranes. Snail can extend itſelf to three times the length 
The uterus in the Snail which I diſſected, that I have here repreſented ; and then the di- 
was very much diſtended and ſwollen gg with viſions of the skin before deſcribed acquire as 
little eggs; nay, its texture ſeemed more ſtrong it were another form, by the force of its ex- 
and firm, than when nothing is found in it. panſion. The whole body is of a deep brown, 
On the hinder part lay the glue-bag hb, very mixed with a ruddy colour; but theſe Snails 
much dilated and expanded into lobes, which differ very much with reſpec to their colour. 
were again ſtudded in a peculiar manner. As its internal parts are organized, and cir- 
When 1 viewed them with a microſcope, I cumſtanced much in the ſame manner as in the 
obſerved, that they were all full of very ſmall houſe Snail, I ſhall now briefly deſcribe only 
; 1 | ſpheroidal globules, whereof ſome were bigger the ſtructure of the genital organs, and add the 
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Aion of ſome. of the internal parts, 
— 1 have here alſo delineated. The genital 
organs are thruſt out of the neck, in the ſame 
manner as in the houſe Snail, and are found to 
be likewiſe placed behind the parts of the pa- 
late and mouth, Tab. IX. fig. 41. 2. On each 


fide the larger horns 45 may be ſeen when 


drawn in; a under the divided skin 
of the bead. Bali the per parts of the 
mouth, and above the gullet 4, is placed the 
-brain e, which is 1 1 os 
like globes; applied cloſe to er. Im- 
— after appears the origin F of the ſto- 
mach; er wit 
which are here repreſented as clipt or cut o 
near the gullet. After theſe are obſerved two 
glandular hb, from which the ſalival 
veſſels ariſe. Then at length is preſented to 
our view the ſtomach, with its veſſels i, which 
are of a pure white; like the colour obſerved 
in the inteſtines &#. The windings of the in- 
teſtines ſurround the liver IA, which conſiſts of 
ſmall glandules, equally divided and interwoven 
with very white veſſels. It ſends forth the 
gall-bag m, which is large, and diſcharges itſelf 
into the ſmall guts that are next to the ſto- 
mach. | 

The 1 or rather end of the genital 
organs is ſeen in the skin # of the neck, and 
their mouth or opening appears there in the out- 
ward skin; which, however, I have not exhi- 
bited in this place, that the other parts might be 
the more diſtinctly viſible. The firſt thing that 

reſents itſelf is the penis o, which, being twiſted 

ike a tendril of a vine; opens with a kind of 
tube þ into the cavity of the uterus. Nothing 
of this kind is obſerved in the houſe Snail, but 
in the covered Snail there is likewiſe a common 
duct, and the penis is extended longer. Behind 
the penis is ſeen a remarkable pear-ſhaped bagg: 
this is the purple-bearing bag ; it is very large 
in this Snail, and contains a delicate juice. It 
opens by a ſmall tube r into the cavity of the 
skin of the penis, by means of which the latter 
erects itſelf. | 

The origination s of the uterus is pretty thick 
and ſtrong, and after it grows ſmaller t, it 


7 


1 


h the ſalival veſſels zg,. 


73 


twiſts and bends itſelf, and goes into the body 


of the uterus wiz; as it does in many other 


. Snails. But the ligament of the uterus is not 
ſeen in this; its place is occupied by ſeveral 


whitiſh veſſels; which are connected xxx by a 
ſmall kind of membrane, that ties the cu 

windings of the uterus. About the end of the 
uterus; where the bag of. glutinous moiſture yy 


« 


is joined to it, is ſeen a place where the chain- 


like tube is inſerted; or fixed in the uterus: 


-nay, it further appears, how this tube runs 
through and over the liver, and under the ſmall 
guts a, and is connected with the ovary 8, 
which is here empty. This ovary is divided 
into two parts, as it is in other creatures: The 
diviſion, however, is not ſo remarkable in thoſe 
Snails, which have not exerciſed venery, as it 
is in the ovary, which I here exhibit alone, 
fig. 111; a. I therefore tepreſent this ovary big 
and expanded, as I think I aw it ſome months 
after coition. . For it is then obſerved, that this 
little part conſiderably increaſes, Tab. IX. fig. 
111. a, and that the eggs d are made viſible 
therein: I have likewiſe obſerved this increaſe 
in the ovary of the ſhelly Snail. But the eggs, it 
ſeems, are afterwards diſcharged out of t 
ovary; and deſcend through the chain- like lit- 
tle tube c into the cavity of the uterus, to the 
hinder part of which the former is joined, fig. 
11. 2. But as the paſſage of the eggs is 1o 
near to the bag of glutinous humour; I there- 
fore think, they are there covered over with a 
little of it, and that when they grow larger, they 
get more of it, and, at length, attain their full 
bigneſs in the uterus. But I could never hi- 
therto find eggs in the chain like little part, as I 
have already mentioned in the deſeription of 
the houſe Snail ; nor could I ſee that they are 
conveyed through it. I ſhall therefore defer 
advancing this opinion as. an undoubted truth, 
until I fee it myſelf; though I think, at the 
ſame time, the matter may moſt probably hap- 
pen ſo. The heart likewiſe is ſeen in its na- 
tural ſituation 3, as alſo the manner in which it 
is ſurrounded by the bag ## of calcarious or limy 
matter. | 


F XIV. 


Of the common water Snail, alſo, of an uncommon and viviparous kind of water 
Snail , and of the flatted water Snail, and the muſcles of the river Vecht. 
Alſo a remarkable obſervation on the common Snail. * 


HE common water Snail, which I find 

every where at the edges of ditches in 
Holland, differs much both from the common 
covered, and from all other Shails. It is di- 
ſtinguiſhable, not only in regard to the outward 
skin or ſhell, but alſo with reſpect to its eyes, 
and the apertures both of the verge and the 
genital organs, which are all conſpicuous on the 
outſide, There is alſo a ſtill greater difference 


in the internal parts ; all which I ſhall now 

briefly enumerate. hs TY Os ee 
The ſhell, which is in the form of 'a ſphe- 
rod in the large Snail, is in the water Snail 
rolled in an oblong form like that of the Tur- 
bo, Tab, IX. fig. iv. a, But there is till a 
greater difference in its eyes; for as the latter 
in the common Snail are at the ends of the 
horns ; on the contrary, they are found in this 
U | aquatic 
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aquatic or water Snail, to be ſituated. at the 
bottom or baſis bb of them, but they are not 
ovided with any viſible muſcle to move them. 
— the horns themſelves; which end in ſharp 
points ce, are only weakly drawn in occaſionally 
in order to become ſhorter.” . 
In ſome of theſe Snails, I ſaw with amaze- 
ment that there ere two eyes, placed near 
each other on the right fide of the creature, 
each of which was provided with its own pro- 
per chryſtalline humour. This, I think; is very 
remarkable, and ſtrongly demonſtrates the man- 
ner wherein the eyes may be multiplied in in- 


ſes, as I ſhall hereafter demonſtrate, when I 1 


ſhall treat of Bees. The nerves of the eyes in 
this water Snail are leſs viſible than in the 
common kinds; nor do they ariſe immediately, 
as is ſaid, from the. brain, but from a little 
nerve which lies towards the fore parts of the 
head. In other reſpects the eye itſelf does not 
differ from that of the covered Snail, only that it 
is bigger, and in a manner pear-ſhaped, or like 
an onion, The chryſtalline humour is likewiſe 
larger in this, however diſtinguiſhably leſs the 
little creature may be in itſelf. 


or miry ditches ; fince; in that caſe, it could 
not reach the ſurface of the water, until after 


for want of reſpiration. 


icked with a ſharp-pointed little needle, it 
not then be able to ſwim up to the ſurface 
of the water; but by creeping ſlowly. So that 
from hence it is probable: this creature would 
die, if any thing like it ſhould happen in dirty 


ſome days, and would therefore be ſuffocated 


* 
UF + 


"Theres e « great difference, with 


diſtinct. The penis indeed rolls out and eretts 
itſelf from the neck through a peculiar aper- 
ture. Tab. IX. fig. 1v. e. But the opening of 
the vulva is diſpoſed, by the wiſe Architect, im- 
mediately under the tube of the verge f. The 
verge itſelf likewiſe differs greatly from that of the 
common Snail ; it is ſmaller, more hollow, and 
capable of greater motion; but then it is fitted 
on the inſide to every part of the extremity of 
the ſhell gg, in the ſame manner as it is in the 


The opening d of the verge is very worthy of common Snail. The tooth , and little tongue 


conſideration, and has divers muſcles, by which 
it is dilated and contracted. The Snail ſome- 
times gathers this aperture into an oblong tube, 
and ſtretches or protends it above the ſurface 
of the water, in order to draw in and expel 
the air. This may not only be ſeen but heard 
alſo, by the noiſe which the Snail makes in 
moving the water. Nay, by the aſſiſtance of 
this aperture, through which the air is con- 
veyed into the inmoſt ſurface of the membrane 
of the verge, and into the cavity of the body 
itſelf, - the Snail makes a beautiful figure ſwim- 
ming in the water. 

This creature can likewiſe immerge or dive 
to the bottom of the water, if it compreſſes 
the internal air. This is effected in the ſame 
manner as when the air is compreſſed in a glaſs 
with water in it ; for little pertorated glaſs glo- 
bules ſwim at firſt in the water, by the aſſiſt- 


| ance of the air contained in their cavity: all 


theſe little globules ſubſide as ſoon as the ſmall 
quantity of air contained in them is condenſed 
which happens by the common preſſure of the 
air, that is above the water in the glaſs 3 but 
they emerge or riſe again to the ſurface, as 
ſoon as the finger or any thing that ſtopt it, is 
removed from the mouth or orifice of the glaſs, 
This is a pleaſant experiment, and I have found 
it very true, according as it has been deſcribed 
by Cornelius Conſentinus, in his platonic circum- 
pulſion. 

In the ſame manner does this Snail ſometimes 
dive under water, and again ſwim to the ſur- 
face, by properly managing the quantity of air 
in its body in ſuch a manner; the latter, being 
as heavy as the water, it can difficultly be ſup- 
ported on the ſurface, and is again depreſſed to 
the bottom by the leaſt compreſſion of the in- 
ternal air. But when the Snail expels all the 
air out of its body, which it will do if it 


which is ſeen under it, are of the ſame texs 
ture in this as in the common Snail; unleſs that 
the tooth it more equal, and not divided into 
ſo many conſiderable notches. 

The internal parts likewiſe differ much both 
in colour and ſtructure: but the greateſt diffe- 
rence is in the ſtomach, which is membranous 
in the covered and other Snails, as it is in men 
and in quadrupedes ; but in this water Snail it 
is of the ſame ſtructure in all reſpects with that 
of the Hen or Cock kind; ſo that one would 
think the real ſtomach of a Hen is here repre- 
ſented, without any difference, but that it is 
much ſmaller. Moreover, the colour of the 
craw or crop is a dark or obſcure gray. The 
gullet of this paſſes likewiſe the chink or cre- 
vice of the brain, which is a very agreeable 
ſight in this admirable creature. For ſince the 
{wellings or productions of the ſpinal marrow, 
are, by the addition of a certain heterogeneous 
yellow matter, here diſtinguiſhed, all theſe 
parts are therefore the more diſtinQly viſible. 
Hence it is, that one may, with greater eaſe 
and certainty, eſtabliſh the anatomy of the 
water Snail, than that of the covered Snail ; for 
in the former are many coloured parts, by 
means whereof the muſcles, and many other 
parts, eſpecially thoſe of the palate and mouth, 
may be eaſily diſtinguiſhed, 

The ſalival veſſels of this are like thoſe of the 
common Snail. The liver is likewiſe com- 

ſed of viſible glandules, and rolled into the 
ike ſpirals. The heart alſo, with its pericar- 
dium, is placed in the fame order. The veſſels 
on the verge, on the contrary, are not ſo di- 
ſtinctly viſible. The lime bag is of a 15 
orange colour. All the muſcles are inſerted in 
the outer part of the ſhell and its pillar. 

The organs of generation likewiſe differ: the 
penis in this water Snail is very broad; 55 

like 
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— penis of a Drake. The muſcles like- 


: and more diſtin and nume- 
bends db common Snail. The uterus 


5: divided into three parts, and opens with two 
* into another, which is under the verge; 


The firſt is of an aſhy gray colour, and 
like the or rough n 
that chew the cud; then the uterus becomes 


atinous, - and receives ſome expanſion 
— chain- like tube; to which likewiſe 
adheres the bag of glutinous moiſture, and alſo 
another liftle part which may be taken for the 
ovary. Moreover, the chain-like tube is larger 
here, but where it is connected with the ovary 
and liver, it is of the ſame ſtructure as in the 


covered Snail, unleſs that thoſe white ſtuds, . 


which I' obſerved in the covered Snail, are 
of a yellow colour in the water one. The 
purple little knot is alſo here of a full orange 
colour, and opens into the vulva by a ſingular 
kind of tube, as in the naked Snails. I have 
not ſeen the egg; but I ſaw ſome relaxed, round 
and tranſparent little parts in the body, which 
I thought to be properly glandules. Under 
the organs of generation, near the ſtomach, I 
obſerved a certain ſtrong plait or fold of veſſels, 
of which a conſiderable number were detached 
towards the liver. | 

The ſtomach, when opened, very beautifully 
exhibited its two ſtrong muſcles, and in its 
cavity. were found ſome hard ſeeds of water 
plants ; by the help of thoſe the Snail probabl 

rinds its food, as Hens and Pigeons do wi 

Pule ſtones, bits of lime, and other things which 
they devour. I have been informed that a 
Duck or Drake has ſwallowed a piece of gold, 
called a piſtole, and diminiſhed it by attrition 
to ſixteen grains; and hence aroſe the ſtory that 
the Oſtrich can digeſt iron, as Harvey well 
obſerves. 

The food which theſe Snails moſt eat is wa- 
ter plants. I have maintained them for ſome 
days with lettuce, with which they were ſo 
greatly delighted, that they eat all the larger 
leaves of it when they had been ſome days 
without food. But they were then continually 
thruſting out their tongues, from which I con- 
cluded that they were hungry. I likewiſe fed the 
Snails ſometimes with ryebread, which they 
would greedily feed on, if it was firſt ſoftened 
with water. At theſe times may be very diſtinctly 
ſeen the manner of their eating, eſpecially if 
the bread be cut into fine thin pieces. The 
next day, after I had laid this bread before 
them, they prepared for generation ; ſo that I 
ſhould conclude from thence, that bread yields 
them the moſt copious and effectual nouriſh- 
ment, The Teredo or Worm which eats ſhips 
bottoms, is alſo delighted with bread. 

On the ſhell of this kind of Snail, I have 
ſometimes found a great number of eggs, which 
were laid by another Snail of the fame ſpecies. 
They lay incloſed in an uniform, oblong, and 
pellucid glutinous ſubſtance, and they were like - 
wiſe tranſparent as chryſtal ; but after a few 
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days there appeared in the middle of them a 
very ſmall gray Snaul,” which continually rolled 
or turned about in the ſame manner, as a bit 
of wax does in a bottle full. of water, when 
the -bottle is gently turned up or inverted, Al- 
moſt in the ſame manner did this water Snail 
turn ſpontaneoully in its ſhell, and ſwimming 
ina limpid humour or moiſture, ſeemed to ad- 
here to no place. The. third day after theſe 
eggs were laid, the Snail contained in them be- 
gan to grow yellow, and afterwards they be- 
came gray. - : oy 

This Snail ſwims: with the fame body, Tab. 
IX. fig. 1v. d, with which it ifſues out of its 
701 This is done in the manner following: 
firſt, the Snail lies upon its back in the water, 
and turns the whole length or level of its body 
againſt the ſurface of the air that preſſes on the 
water, and having afterwards firſt bent its whole 
body, it moves it forward in the. fame manner 
as the common Snail-does ; and by this means, 
ſwimming in the water, this creature goes for- 
ward, though very flow, and affords a very 
agreeable ſight. But leſt the heat of the ſun 
ſhould injure it, the little creature ſecretes a 
quantity of mucus or glutinous humour out of 
its body, by the help of which it is defended 
from the injury of the diurnal rays, and is 
rendered more fit for ſwimming ; and it can 
move and turn itſelf to all parts in the water as 
occaſion requires. 98 

In order to diſſect theſe Snails, it is neceſ- 
fary firſt to take them out of their ſhells; then 
they will die in two days, and are fo much 
ſwollen with the water which they imbibe, 
that their organs of generation ſometimes come 
naturally in fight, and their diſſection may eaſily 
be perfected. But if you wound thoſe parts 
which moſt abound with the glutinous hu- 
mour, nothing can be done to any purpoſe 
afterwards. - 

I have delineated this Snail in the form it is 
in when it creeps near the fide of the glaſs in 
the water, and aſcends to the ſurface; and there, 
having lengthened the aperture of its verge, 
Tab. IX. fig. Iv. d, as into an oblong tube, and 
ſtretched it out of the water it breathes. 


The wonderful viviparous chryſtalline Snail. 


The miracles which I am now going to ad- 
vance of this water Snail ſeem ſo incredible, 
that I ſhould not wonder if they ſhould be 
deemed impoſſible, or reckoned among the fa- 
bulous tales of the poets metamorphoſes. For 
my own part, though I ſaw them, I was ſo 
aſtoniſhed on this? occaſion at the inexhauſted 
fund of wiſdom manifeſt in the works of 
God, and his admirable art and immenſe power, 
that I cannot fince help thinking on them every 
moment. I thought I had N ſo accu- 
rately ſearched into the whole nature of Snails, 
that I could at length form many remarkable 
and certain obſervations, and from thence ſtrike 
out ſome general rules, But the further I ad- 
vance in inveſtigating the wonderful works of 


God, 
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God, the more and more I find they all as 
far exceed the bounds of human ingenuity and 
underſtanding, as mortal man, who in reality 
is nothing, 'is from being able to diſcover fully 
_ infinite and incomprehenſible perfections 

The water Snail; which 1 here exhibit, Tab. 
IX. fig. v. a, naked, without a ſhelly covering, 
is found in great quantity in the ditches of 
Holland, and im large freſh-water rivers ; it 
lies moſt commonly in the ſandy fords or 
ſhallows of the latter, or where there are any 
ſtones. It creeps in ditches near and among 
the water plants, and in mud, which it takes 
as food ; and alſo in white clay, in which I 
firſt found it. Hence it becomes dirty, and is 
often ſo covered with à cruſt of filth, that all 
the beauty of its ſkin or covering is almoſt loſt. 
I have therefore broke off the ſhell from the 
body of the creature, and only repreſented the 
Snail without it. But becauſe the ſhell has 
alſo a ſingular and remarkable ornament, and 
exhibits ſomething truly worthy of obſerva- 
tion, I ſhall afterwards delineate it in the man- 
ner it was found, whole, and without any im- 
perfection in the uterus, and appeared under 
the microſcope. Though I have found in 
rivers ſome of this kind of Snails, which were 
leſs than thoſe which I exhibit in the figure, 
and had little dirt upon them, yet I never 
was ſo happy as to ſee the beauty of their ſhell 
wholly free of filth. 

The things that demand notice on the out- 
fide of this Snail, are the head, Tab: IX. fig. 
v. 6, its horns cc, the eyes dd, the aperture of 
the uterus, the branchiæ or gills /, the verge 
g, the convolution or winding of the body ; ; 
and laſtly, the verge, which ſerves as a foot 111, 
whereon is placed the operculum or cover of 
the ſhell x. The head & is diſtinguiſhed from 
the heads of all other Snails, becauſe it is 
ſtretched more out of the body, and is more 
viſible ; nor is it at any time drawn back to 
the infide, but only ſhortened a little by the 
wrinkles of the ſkin. In the fore part is ſeen 
a ſmall aperture, which is the mouth ; the 
horns cc are ſharp at their extremities; and at 


their root or baſis, where they ſpring on each 


ſide of the head out of the body, are fixed 
the eyes, which are placed ſomewhat higher 
than in other water Snails, and therefore agree 
in ſome degree with the eyes of ſhelly or teſta- 
ceous animals. All theſe parts are very beauti- 
fully variegated with yellow ſpots on a black 
ground. On the right ſide of the uterus or 
vulva, is ſeen an extremity or edge, which the 
Snail ſometimes protends out of its ſhell under 
the verge. It is of a muſcular texture, and may 
therefore be expanded and contracted at the 
diſcretion of the Snail. This is the reaſon why 
J firſt took it for the aperture of the verge. 
Above the head are ſeen five appendages under 
the verge, which, I think, are the branchiæ 
or gills. The verge very nearly approaches to 
that of other Snails ; but it has not ſuch a 
ſtrong and remarkable motion, though it is of 


© 


Ld 


a tougher, more firm, and more tenacious tex: 
ture. The convolution of the body is the ſame 
Woch ..... Rn 

The verge, or loweſt part of the body, 
whereby the Snail creeps, is more worthy of 
notice; for the operculum or cover is annexed 
to it. This operculum is neither bohe nor 
ſtone; but approaches rather to the nature of 
claws or talons ; it is therefore in the purple 
Fiſh kind, called the unguis or claw, and the 
unguis adoratus; berkithe when burnt it ſmells 
like caſtor or beaver, and is uſeful in the ſuf. 
focation of the womb, or fits of the mother. 
If the operculum or cover of the Snail where. 


of we here ſpeak, be burnt, it has no dilagree> 


able ſmell. Its ſtructure is elegant: it con- 
ſiſts, as it were, of many rings, ſomewhat 
round, and differing among themſelves princi- 
pally in the brightneſs or obſcurity of theit 
colour. On the inſide it is hollow like a ſhell : 
the tail of the body, annexed to this cover, 
is fixed thereto with ſtrong muſcles ; by the 
help of which the operculum or cover may be 
bent, folded, nay, complicated towards the 
mouth and horns, when the Shail betakes 
itſelf to its ſhell ; and by means of this, as it 
were, little door or entrance, which it carries 
about it, it ſecurely hides itſelf in its ſhell, ſafe 
from all common dangers. * This the Snail 
does as ſoon as it perceives the leaſt unuſual 
motion in the water, for I never knew a more 
timorous creature than this. It natutally creeps 
uy ſlowly, and ſwims in the water with its 

y oppoſite to the ſurface of the air, as I 
have before related of the common water 
Snail. | 

Theſe are the external parts of this Snail ; 
but the internal parts that we have obſerved in 
it are indeed ſo many miracles, ſo many 
ſtrange and unheard of things, as probably 
never, hitherto, came into the mind of any 

rſon. I therefore invite and require all 
atheiſts, who do not ſcruple to aſſign the gene- 
ration of ſmall animals to accident or chance, 
to this ſplendid entertainment, that they may 
learn to give the praiſe and glory to God alone. 

When one attempts a diſſection of this 
Snail, it immediately draws itſelf ſo much back 
into its ſhell, and preſſes its operculum or co- 
ver down ſo cloſely, that one cannot put the 

int of a little needle into it. You muſt 
therefore break open the ſhell, which is very 
firm, with a flat forceps, and take the Snail out 
with your hands. Then it will be obſerved 
that its muſcles are ſtrongly inſerted in its ſhell, 
and principally in the foremoſt or anterior part 
of it. Whilſt this Snail lives, its diſſection can 
ſcarcely be performed, ſince it bends or winds 
its operculum or cover, Tab. IX. fig. vi. 4a, 
againſt the fore parts of the body in ſuch a man- 
ner, that the former is doubly folded ; beſides, 
both the mouth and horns 6 are in ſome mea- 
ſure drawn in. 

The diſſection ought to begin next to the 
vulva c, and the verge ſhould be opened there 
with a little pair of ſciſſors ; after which four 

- different 


different parts come At once in light} theſe are 
a ſmall — very oy del d: the 
end of the inteſtinum rectum, or 
e; then the branchiz or gills f, ſome of which 
appear out of the verge in the former figure: 
and at length the uterus g, which I have here 
delineated as diſſected and opened together 
with the living fetus contained in it; for the 
young are brought forth alive by this Snail, 
The verge has not a ſingular or remarkable 
aperture as in the other land and water Snails, 
but the whale is almoſt open on every fide: 
the Snail however knows how to move the 
muſcular parts of the verge, and toſwell them 
out of the ſhell in ſuch a manner, that by this 
means it draws the air into its cavity ; and this 
air is afterwards lled from thence again, 
when the Snail hides itſelf in its ſhell. Thus 
may this ſmall complicated margin be very 
eaſily ſeen ; the doublings or winding plaits or 
wrinkles of it ariſe, in my opinion, from the 
bending and contraction of the body. If this 
little part 4 be diſſected, it appears to be only 
a congeries or heap of tranſparent, chryſtalline, 
and equal globules, which are of a ſtony na- 
ture, and make a craſhing noife under the 
diſſecting knife. The horas, the upper ſur- 
face of the mouth, and many other parts of 
this creature become petrified, and therefore 
alſo make a noiſe like ſand, -when they are 
chewed a little in the mouth. I mixed fpirit 
of vitriol with them, and it cauſed a very ſtrong 
fermentation. 

This firſt obſervation is, therefore, very 
ſingular, and merits particular conſideration. 
We ſee how the omnipotent God could frame 


a little being, which conſiſts, as it were, of 


ſmall ſtones, and yet can move, agitate, con- 
tract, draw in and extend theſe its parts; be- 
cauſe muſcles and their tendons are inſerted in 
and run through them. But who can deſcribe 
how the veins, arteries, and nerves are there 
interwoven and diſpoſed ? Nobody „but 
He alone who made all theſe things. That 
congeries of chryſtalline globules, in particu- 
lar, which is ſo copious in the horns, that one 
can hardly find a place wherein the parts 
aforeſaid may not be conceived to be ſituated 
ſo that even from thence it appears clearer 
than the light at noon day, what exquiſite 
arts and unheard-of miracles the moſt ſagacious 
Architect has hidden in the immenſe volumes 
of his works, | 

If the inteſtinum rectum or ſtraight gut e in 
this Snail be opened, it is uſually found to be 
full of an earthy gray ſubſtance, and divided 
on the inſide by many membranous and ner- 
vous partitions or incloſures like little valves, 
and grows larger and larger continually, until 
at length it paſſes the liver and ſmall guts, and 
ends in the ſtomach, which ſeems to be like a 
ſmall tube or pipe. The excrements which 
this Snail throws out, are a congeries of oval 


+ * The Fels in paſte are in this manner viviparous, and there does not 
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of the inteſtinum rectum or 
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particles, linked or joined to ther; ſuch as 
are found 'in the inteſtines 2 8 
The parts which I call the branchiæ or gills, 
Tab. IX. fig. v. and vi. , are likewiſe very won- 
derful; they are diſpoſed in a neat order, they 
are of equal length, and are placed at the ſides 
ight gut; which 
they accompany for a great way into the in- 
flexion of the body. If you view them with 
the aſſiſtance of glaſſes, they reſemble a comb 
with broad teeth, though in ſoftneſs and de- 
licacy they are like little membranes. At firſt 
I thought that theſe little parts were mem- 
branous expanſions of the uterus ; but from 
their ſituation and ſtructure I afterwards found 


that they agreed more with branchiæ or gills. . 


The uterus, which, as we have ſaid, is re- 
preſented, fig. v1. g, open here, is ſituated in 
this Snail where the ſtraight gut is ſeen in the 
common covered Snail. When I opened it 
gently, I immediately met under its upper coat, 
which it has in common with the coat of the 
verge, a congeries of oblong little parts, fig. 
vII. a, which were very numerous, and dif- 
fered ſomewhat in their length, figure, and 
thickneſs; and when I removed them from 
their places, I found they were all alive, and 
were ſo many living little Worms, as there 
appeared particles of that ſort. On the inſide 
of theſe Worms was feen an oblong tranſpa- 
rent aſh-gray coloured furrow or ridge. When 
I began to diſſect one of theſe Worms, two, 
nay three, and fometimes four incloſed Worms 
of the fame kind iſſued forth ® ; having almoſt 
the fame figure, that is, a thick head, fig. 
vIII. a, and fmall tail &, like young Frogs or 
Tadpoles. The former Worms indeed moved 
ſomewhat ſlowly, but the latter being put into 
water, ſwam very ſwiftly, and very ſtrongly 
twiſted about their little tails. I muſt confeſs 
the fight of theſe aſtoniſhed me, as I never 

to have met ſuch, and fo many mi- 
racles in one little creature, or that I ſhould 
have been ſo well convinced of my own igno- 
rance and blindneſs in a ſingle ſubject. 

All theſe Worms exhibited a roundiſh little 
ere tranſparent through the middle of their 

; but at the tail appeared fome ſoft little 
points almoſt like hairs. I could not find any 
excrements in them. The little creature itſelf, 
viewed in the ſun with a microſcope, ſeemed 
to conſiſt entirely of ſmall grains of ſand. 
When I had afterwards taken all theſe parts 
from their places, a new miracle preſented it- 
ſelf to me: I obſerved that the whole tube of 
the uterus likewiſe conſiſted of chryſtalline 
little ſtones, which were as numerous and as 
thick and cloſe together, and diſpoſed in the 
like order as I have before related they were 
about the ſkin, the complicated margin and 
horns, Hence I really think that this little 
creature'may be properly compared to the co- 
ralline cruſt which ſurrounds hard coral; for 


appear to be any diſtinction of ſex in reſpe of the 


Poms for all are bearers. The late Mr. Sherwood has given an account of this to the Royal Society, the truth of which I 


now, having made the experiments with him, 


X 


the 
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the Hein which covers the branches of corals, and that therefore this animal had been only 
is almoſt of the ſame ſtructure, and may like- 
wile be eaſily from the hard coralline 
ſubſtance underneath. . Nay, the ends or tops of 
coral are alſo of the ſame ſoftneſs ; and I have 
found them ſtill tender after the coral had been 
out of the water ſome months: this I have be- 
fore obſerved in theletters that I wrote on coral. 
In the common water Snail I likewiſe ſaw here 
and there ſome little round chryſtalline you 
which I think were likewiſe globules of ſand 
of the ſame nature. In the ſtraight gut of 
that Worm, out of which iſſues the Gad-fly, 
I obſerved ſomething like this, as I ſhall de- 
ſcribe and repreſent when J come to its 
hiſtory. | f 

When I afterwards opened the uterus, I 
was more aſtoniſhed : I found a ſmall Snail 
in it &, in every reſpect perfect, which had 
already broke out of its membranes, and ſhewed 
the ſame diſpoſition and the ſame manners with 
the larger one its parent. Thus I learned that 
this little creature brought forth young Snails 
alive, as big as common 22 Tab. IX. fig. 
IX. a, Which had their ſhells and coverings 
pretty hard ; and that they were likewiſe com- 
plete and perfect in all their parts. | 

This ſhell, fig. x. &, afforded ſo · beautiful 
an appearance under the microſcope, that no- 
thing like it can be imagined, It was twiſted 
into four ſpiral parts, whereof the innermoſt 
diminiſhed its windings by degrees, until it 
ended in a pretty blunt point, almoſt reſem- 
bling a top. Moreover, the coat was covered mentioned, which is the creature's true nouriſh- 
with a perioſteum, and was very elegantly and ment; and the Snail likewiſe ſwam in the 
neatly adorned with ſeven rows + of zbriftty .. amnion, as the human fetus does in the mo- 


another Snail, I found twelve perfect eggs 
therein, ſticking in the uterus; each of which 
had its little navel-ſtring, Tab. IX. fig. x1: aa, 


were ſomewhat. broader near the 
where they were connected with the: uterus, 
they were like a ſmall filament. * They ad- 
hered almoſt in the middle of the uterus to a 
ſmall ſeam or ſuture. :- i 
The ſix firſt eggs, which are placed in the 
fore part, each contained a Snail, however 
ſmall, with its ſhell and food; the little 
of this Snail lay extended out of the ſhell 
among the alimen ſubſtance. The firſt 
egg had a larger Snail, but the ſecond, third; 
fourth and fifth a ſmaller. In the ſixth I only 
ſaw a ſmall point, the ſhell whereof was not 
yet conſpicuous _ by 
In the other fix little eggs, which were 
ſomewhat ſmaller than theſe, there was no- 


made them tranſparent, and they were of one 
colour. On opening, them I found that there 
was a more tenacious liquor contained in them 
than in the former. j 5 

The ſix foremoſt eggs were as big as com- 
mon peaſe, and were inveſted with a very ten- 
der and fine chorion and amnion, through 
which one might ſee the Snail within ccc lan- 
guidly moving itſelf. Moreover, the whole 
amnion was filled with the moiſture before- 


hairs c, &c. Some black ſpots were here and ther's womb. As the Snail grows bigger, this 


humour is diminiſhed in proportion. 

When I had broken the membrane of an 
which contained one of the ſmalleſt Snails, I 
found that the creature taken from thence, 
Tab. IX. fig. 11. 4, was as big as the head of 
a common pin ; but it did not move out of, 
nor go into its ſhell : for its muſcles were yet 
too tender, and ſome of its parts had been pro- 
bably broken off. 

If this egg was raiſed or lifted up by its ſtring, 
the Snail within remained in its fituation with- 
out motion ; but when the egg, which lay out 
of the uterus for one, two, or three days, was 
thus kept ſuſpended by its ſtring, then the 
Snail within fell to the bottom of the mem- 
brane e which conſtituted the egg. Hence 
one may conclude with certainty, that the 
cluſter of veſſels was broken on the inſide, 
though it could not be ſeen, becauſe all things 
are here limpid, white, and very tender. The 
humour or fluid itſelf, that is, the nutritious 
juice wherein the Snail ſwims, is limpid, 
though it ſtill approaches ſomewhat to the 
colour of whey, and when put into the water 
it becomes more thick or muddy ; but if it has 


there likewiſe ſeen, which were produced from 
the tranſparent body on the inſide. It was 
further divided by many. ſpotted or ſpeckled 
little lines and other furrows ; and alſo by lit- 
tle ribs that were notched and full of filaments ; 
all which I have not delineated, leſt the figure 
ſhould have grown too big : nor have I leiſure 
enough at &. time to enter upon ſo many 
things. 

Theſe things convince me moſt clearly, that 
the ſhell or ſtony covering of the body is the 
Snail's real ſkin; ſince it has, even in the 
uterus, not only its own proper coat, but its 
hair. We are taught from thence alſo, be- 
yond contradiction, that all theſe hard ſub- 
ſtances are nouriſhed and ſuſtained as well as 
the Snail's ſofter parts. For which reaſon the 
ſtony chryſtalline little grains before deſcribed, 
are fewer and ſmaller in the young and tender 
Snail than in the more grown one. 

I find this ſhell, 2 with its animalcule, 
free and diſengaged on every ſide in the uterus, 
and not involved or rolled in ſuch coats as form 
the ſecundines. Hence one might, in ſome 
meaſure doubt whether this part, which 1 
call the uterus, were not rather the eſophagus, 


Our countryman Dr. Liſter has diſtinguiſhed himſelf on the ſubject of this vivi Snail. His obſervations in 
with thoſe of this author, for truth is the ſame in whatever "<ntons ppb og parous H ations in general agree 


pands 


devoured by the Snail: - But when I diſſected 


and ſome of them had two 36. The ſtrings - 
„ but 


thing to be ſeen, becauſe their tenderneſs 


remained in the water ſome days, then it ex- 
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for the ſtomacll was like a membranous little 


pe, clearer by the addition of the, imbibed inteſtine 


Wben I placed this little Snail under the mi- 
cro d, | fow its eyes very, black like pitch, 
fig. x11. 4a, but the reſt of its body was colour- 
leſs, or for the moſt part white; the horns 5 
are ſomewhat blunt, the mouth © is open, all 
the reſt-of the body & is ſtretched out of the 
ſhell ; I found the operculum or cover e an- 
nexed to; the hinder part of its tail, but the 
ſhell F was adorned with the like elegant ap- 
paratus and hair as I have repreſented in the 
tenth figure. | EN De Is 

From hence; therefore, it is very evident 
in what manner this Snail, together with its 
ſhell or ſtony cover, is likewiſe by degrees in- 
creaſed, au ted, and become larger in the 
uterus, This obſervation is indeed of ſuch im- 
portance, that no body can defire any more 
worthy of notice. Whoever reads theſe things 
muſt be obliged to confeſs, that the power of 
the Almighty cannot be known, by clearer and 
more convincing proofs, in any part of his 
works, than in thoſe minute animalcules, 
wherein that great Archite& has incloſed and 
hidden ſo many wonderful parts, and ſhewn 
ſach exquiſite art, that exceeds all human in- 
duſtry ; ſo that one may employ his whole life 
in the diſſection of the ſmalleſt of all animals. 
For this reaſon I look upon the whole of my 
deſcription to be like a delineation of the ſun, 
defaced with coarſe materials; and therefore 
it is no wonder that the wiſe men of the 
heathens, when they had ſeen ſome miracles 
concerning the nature of women, cned out, 
4 O! Being of beings, have mercy on me.“ 

I have 'not accurately inveſtigated the re- 
maining parts of the Snail, becauſe I only 
diſſected two pretty large ones, and a ſmaller 


one of this ſpecies, and becauſe it happened 


only by chance, that I began this wonderful 
diſſection, which deſerves more than any other 
to be completely perfected; great numbers of 
theſe Snails may be found at any time, I 
ſhall for the preſent briefly relate what more 
I ſaw of them. | 

I have obſerved that this Snail has no teeth, 
but inſtead thereof it has a proboſcis, trunk, 
or little ton 
to take its food in as by ſuction, as is the caſe 
in butterflies, and ſome kind of beetles, 'This 
little tongue is ſo elegantly formed, that it can 
ſcarce be exactly deleribed, and as difficultly 
be repreſented in a figure ; in the forepart it 
is of a bright or pellucid red colour, ſurround- 
ed on each fide with many ſmall parts, like 
the branchiæ or gills of fiſh, or like a comb 
with a double row of teeth. Theſe little parts 
grow paler towards the hinder fide, and are of 
a horny ſubſtance, ſuch as the little tongue 
has in its diviſions. 

The gullet is like a ſmall filament. I have 
not diſtinctly ſeen the ſtomach, becauſe I had 
broken ſome of the parts, but the part I took 


have found ſomethin 


e, by the help of which it ſeems - 


The ovary is in every telpect like that of - * 
' hens, only that its eggs are*hot ſo large: 1 
took theſe eggs in the beginning for a con- 
geries or heap of chryſtalline globules; but 


when I had dried them upon glaſ they cou- 
tracted, which is not a — r of the chryſ- 
talline granules of this little animal q I found 
them alſo ſoft” in handlihg and biting them. 
I have nothing to ſay! with certainty of the 
penis, though I faw ſomething like one. 

The liver confiſts of diſtinct viſible glandules, 
ſomewhat like pears, and I confeſs that the glan- 
dules of the liver never appeared plainer to me 


in any animal. As to the other parts of the ab- 


domen, I have not yet either ſeen or examined 
them. The brain and nerves are conſtrued ini 
a very different manner from thoſe of all other 
Snails that I have hitherto ſearched” into; 
neither have I inveſtigated the eyes, ſince, 
with reſpe& to theſe, this little animral agrees 
in ſome meaſure with cruſtacedus animals, as 
Crabs and Lobſters : hence I thought I ſhould 
in it, like the eyes of 
the Hermit Crab, which I obferved to be like 
thoſe of Bees. The cornea tunica of the eye 
was in this alſo divided into little ſquares. 

I have not been able yet to diſcover how 
this egg comes out of the ovary into the ute- 
rus; for the bottom of the latter ſeems to be 
ſhut up; but whether there be a tube in it 
there, as in Frogs and Tottoifes, I am hitherto 
ignorant; I am at as great a loſs to know what 
time the egg afterwards remains in the uterus, 
before the little creature is diſcloſed from thence 
as a perfect Snail: If we conſider the remark- 
able ſize of the ſhell, we may reaſonably con- 
clude that the lies there a long time. 
Hence I ſhould think that ſuch ſmall Snails 
and eggs may be found in the uterus at any 
time of the year. As to the Snails thetnſelves, 
I now know how to get a great number of 
them, nor will it be difficult to exhibit their 
fetus. * | 

Who can explain after what manner this 
egg is fecundated? or how life and motion 
are communicated to all its parts? fo that, 
like a clock, having been produced with all 
its wheels or limbs by its parent only, and 
having life and motion from the male ſperm, 
it 1 ſtrong and vigorous, until its little 
chain be unwound: ſo we may term the death 
of all thoſe who have life and breath. Theſe 
things are known only to that moſt ſagacious 
Being, who has numbered and meaſured the 
chryſtalline globules, the Hairs of the. ſhell, 
and all the parts of this little creature's body, 
nay of all animals, and who has given life and 
motion to every thing. 1 

On the twelfth of March, in the next year 
after I began theſe obſervations on the vivipa- 


rous Snail, I collected a great number of this 


kind, which I pat into a large baſon full of 
rain water, and fed for a long time by the 
wy help 


* ien 


them out of the uterus, and 


freſh water, I found they lived to the eight - 
eenth of March, moving themſelves, and 
ſwimming like Snails more grown ; nay, their 
manner of ſwimming was much more beauti- 
ful; but as I then had other matters to attend, 
I poured them and the water out together, 
nor have I fince obſerved any thing further in 
them. The largeſt of theſe Snails were ſome- 
what leſs than thoſe that are repreſented in 


Tab. IX. fig. 1x. and the reſt were ſtill leſs in 
-proportion, 


On the twenty-firſt of March I opened 
another Snail of that kind, in which I found 
forty-four larger, and ſome very ſmall fœtus's, 
each incloſed in its membrane, and placed in 
a regular order in the uterus : ſome days after 
this I diſſected three others, in one of which 
I reckoned fixty-five Snails, in the ſecond fix- 
ty-ſeven, and in the laſt ſeventy- four, the 
ſmalleſt of theſe young Snails were not bigger 


than the point of a little needle. When I 


afterwards viewed them in a dark place b 
candle light, I obſerved that they ſwiftly _ 
very beautifully moved and twiſted themſelves 
round in the humour or liquor of the am- 
nion. But I found no eggs in the uterus of 
theſe laſt ; hence I learned that theſe fœtus's 


were arrived to their. full eee and af-- 
a 


terwards only increaſed, that they might in 
fome months after be in a condition to be 
brought forth by degrees, and by this means 
give way to new eggs to be again received into 
the uterus at that time. 

Wherefore at whatever time of the year, 
you open theſe Snails, you will always find 
them pregnant, either with eggs or living 
Snails, or with both together. 

On the twenty third of March I obſerved 


Of that ſpecies of the Sea. Snail, 


T Hough many ſpecies of ſhell-fiſh, of the 
Snail kind, are found in Holland, I do 
not know that any of them are eat, except 
only this ſea kind, which is of the genus of the 
Turbo, and is called Aliekruyk ; nor do we eat 
them at all times of the year, but only between 
Eaſter and Pentecoſt, and a few days after. At 
this ſeaſon, hogſheads of theſe Snails are carried 
into cities, and, being firſt boiled with water 
and falt, are fold out by meaſure. Seafaring 
perſons in particular, and thoſe who deſire ta 


provoke thirſt by falt meat, eat theſe Snails, 


the uterus, and the young of them were tg 


bigneſs.” In ſome days again 
ſaw that other young ones were brought forthy 
{> that by this means, and ſundry obſervations, 
I learned by very certain experiments, . tha 
theſe Snails coritinually bring forth, throughs 
out the whole year: When, in the month of 
June T opened ſome of thoſe that had brought 
forth, I found many rudiments of eggs w 
them, and ſome * of the fecond degree 
which were already fo perfect, that the fatus 
might be diſcovered in them; nay further; 
ſome eggs were ſtill more perfect; they lay in 


be uced ſoon. | ä Fr 
n the month of June almoſt all my Snails 
died, becauſe I neglected to give them freſh 
water, and therefore in order ta preſerve them 
for ſome time, I put them into ſpirit of wing 
among others which had periſhed ſome weeks 
before. I afterwards ſhewed above fſixt 
young Snails, in the uterus of one of ches 
to Dr. Huygens, who, on his return to Pans, 
honoured me with a viſit; at which fight he 
was greatly aſtoniſhed, and highly admired 
the ſtupendous and impenetrable ſecrets, of 
nature. N RE 
On the twenty-fourth of July I weighed 
one of theſe viviparous living Snaits that was 
freſh taken, and it weighed five drachms ; in 
its uterus I found many eggs, in moſt of which 
was to be ſeen. a moyeable whitiſh ſpot os 
point, but in the reſt of them Snails of a larger 
ſize were obſerved, ſo that all the larger Snails 
were then already hatched. Then I began to 
clear the ſhell of this Snail of its dirty cruſt, 
and I found the perioſteum underneath un- 
hurt. Its colour was then yellow mixed with 
ro. and it was variegated with light red 
rrows and ridges; when the perioſteum was 
pulled off, the ſhell appeared white, and the 


| ribs or ridges appeared of a purpliſh red, I 


have delineated a ſhell of this kind in its na- 
tural bigneſs, in Tab. IX. fig. x11, where 
the ſtructure, windings, fibres, and aperture 
of the villar may be clearly and diſtinctly ſeen 
in it. x 


;F 


% 


called by the Hollanders Alickruyk. 


taking them out of the ſhell with a needle or 
little pin, and then they drink a large draught. 


For my part I do not like the taſte of them; nay, 


they ſeem to me to affect the palate with too 
much faltneſs, and a kind of rank flavour; 
The liver is the moſt ſavoury of all their parts; 
in the reſt they eat hard and tough, and are 
therefore uſed, as I have ſaid, rather for whet- 
ting the thirſt, than as food. Their entrails 
alſo are fo full of dirt and ſand, that they crafft 
between the teeth. 1 

Theſe 


— all other inſe&s that inhabit ſhells, 
4. an the outſide * 1 a perioſteum, 
hich a utiful in young ones, 
Lug Ko. part of the ſhell hun been. in then! 
worn out or rubbed. off. Underneath, where 
this Snail, Tab. IX. fig. X19, 4, ereeps out of the 
mouth, the door or entrance of its ſhell, 
latter is a little globular 6, but it loſes this figure 
e ivy eget 2.374. 
terminated in a ſhar The 
madly, «wg f_this ſhell is rough and ane 
qual, ſince from its mouth or entrance to. its 
acute end, it is folded and curled with, thicty- 
one little ribs'or furrows, which appear like ſo 
r 3 
met with this enact appearance in all of them, 
as it ſeems in many to be worn out and oblite- 
e age; An - 
ſhells,. and are divided, fig. xv. d - only by 
ſome rings -or wreaths of divers forms and 
fours ; unleſs theſe ſhells may 
rather to another particular „ which" 
think is moſt probable., As to the colour of 
the ſhells, it is a light red in the former ſpecies, 
but in the other it is mixed with green and 
aſh-gray. and ſometimes red, purple, blue, or 
whitiſh, The internal ſurface of the ſhell is 
all equal and ſmooth, it is of a dark brown in 
both * ſomewhat inclinable to a bluiſh 
r 
"The ſhells of theſe Snails are feat eaten 
through, by ſome of the af Sea Worms * 
as may be ſeen 
pointed extremity, for it 4 
gnawed there in 3 
manner, that the whole figure of the thell is 
obliterated in that part; nay, I found. —_ 
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n the alga 


5 — Ee a 
were not in 7 
and, like the worm, FAN * 
All theſe e e be ſuhject to this 
Worm as a diſeaſe, fing few of them are 
met with, whole. ſhells are entire and ſound 
the end of their conyolutions-; or 5 


re with 


a.dirty or fil 


thy aſh coloured ſubſiance 
with 


are. more. or. leſs infected, 
hich. theſe worms ſeem by degrees to 25 
ER ſo. that at wk they ſeize on the 
of the Wah 9 7 habitation 
and food, = Nil continues to 
live in EK. his W cel ; very e e 
nts, appears in its piral pillar, w i 

lkewic we 3 chick; hence. it is chat the Snail 
y.diſeng 75 from. it, ſince the ſhell 
- * pieces like a if it be ac ever ſo 
lightly, with a en . 
e 8 W Cr out 

of this At ell 12 


but is by its muſcles ve ſtrongly 
annexed to the pillar of it; 4 a. and 


mouth, Tab. IX. fig. xv111. 4, are near y like 
the Snails, and ſo are the horns 4.4, and eyes cc. 
colouring of the {kin only differs, for it 

Is variegated with black furrows and ſpots on a 
white ground: in regard however to the colour 
2 the two e there is ſome difference to 
obſerved. . Behind, at the verge of the bo- 
dy dd, is the Snail's op perculum or cover e, which 
it wegen Edge is Gl pleaſure, and by this 
2 85 ſhuts u when it meets with 


ng the. creature, une for its 
jet 1 * ues lame. manner, when, any thing 
is ſuddenly preſented to its eyes ; ſo that I may 


ventute to afficm'fra: that Sis. is the 
only ſpecies of Pet Eno, whe: n 
ſhell 40 4 Kinde — . 
Wuen it was doubted, whethet 
gp TE 9 of che 


manifeſt 


ay 


—— welle, + but the lane 


2 


conſtitution, for it can live ten or t 
in the air out of the water. I have alfo 
obſe when I was ſometimes in the month 
of September in the town'of Petten, where 
theſe Snails are found in great plenty, near the 


ſea piles or ſea marks; that they ſtuck quietly 


on the dry land, after the tide was out, and on 
its lowing, were again buried under the water; 
ſo that they may, on this account, be confidered 


as real - amphibious creatutes. The ſhell F 


wherein I exhibit this Snail, belongs to the 
ſecond ſpecies, and ſhews its faſciæ or wreaths 
nearly worn out. The operculum or cover 
conſiſts of a flexible horny fubſtance, fig. xix. , 
which is compoſed of filaments applied to each 
other, and rolled like the ſpiral convolutions of 
ſome thells. . 
J ſhall give but a brief defcription of the in- 
ternal parts, both becauſe I employed only half 
a day in examining them, and becauſe they do 
not differ much from the entrails of other 
Snails. To begin at the mouth, we muſt ob- 
ſerve, ' that all the of the jaws and palate 
are in this Snail of a bloody or e colour. 
In the middle of the mouth is ſeen the tongue, 
Tab. IX. fig. xx. h, included in a ſingular kind 
of cavity, the whole of which it ſeems may 
be extended together out of the body ; in the 
reſpects of delete and ſtructure it does not 
differ much from the tongue, which J have 
delineated and deſcribed in the Sepia or Cuttle- 
fiſh ; but it differs very much from the latter 
in this, that it is almoſt two inches long, and 
at the ſame time beautifully convoluted or 
twiſted 7 into ſpiral bendings, like a ferpent 
cloſely rolled together, and is thus placed on 
the inſide in the body, ſo that it paſſes with 
the gullet under the brain. The brain is fitu- 
ated behind the ſeveral parts of the mouth and 
palate, over the V e- and gullet, and ſerves 
thoſe parts before deſcribed as a kind of pully, 
through which they are tranſmitted. The part 
of the tongue which is in the body is cartila- 
ginous, and ſo artfully and beautifully formed, 
that I could not delineate it fully in ten days; 
for which reafon I exhibit it only in its 
natural fize. In the hinder extremity the 
tongue is of a ſofter texture, and there in- 
cludes a white matter in its cavity, which, 
when expoſed to the air, dries away and va- 
niſhes, contrary to what happens in the upper 
part. The uſe of this tongue will be manifeſt 


9 the 


manner, as tis in the garden Snail, and when 
it has decreaſed intq a ſmall inteſtine, it aſter- 
wards proceeds to the lutions 
of the ſhell, and by its ſpiral and pyramidal 
windings, ſurrounds the liver, Which is of a 
dusky colour, ſomewhat a hing to thit 
of musk. The liver conſiſts of pretty large 
viſible glandules, which ſeem to communicate 
one with another, in form of a ſhrub'; as ſoon 
as this inteſtine has paſſed the liver, 
and the whole circuit of the s convolu- 
tions, it forms the inteſtinum rectum, or fraight 
gut, wherein I have obſerved the excrements 
divided into globules. F 

The heart with its auricle is ſituated toward 
the left fide. ' All the blood veſſels are of a 
whitiſh colour, and reſemble a Spider's threads: 
this is a very great beauty in the inteſtines of 
this little creature. I could not fee the ſacculus 
calcarius, or the calearious bag, nor the chain. 
like little part. Nay, feveral of the genital parts 
could ſcarcely be diſtinguiſhed in this ſubject, 
for I began this diſſection and examination in 
the firſt ſpecies of theſe Snails, at the end of 
the year, that is in September. But the purple- 
bearing oblong little tube, together with ſome 
of the other entrails, were diſtinctly ſeen to be 
of a very elegant ſtructure ; all which I muſt 
paſs over now, and ſhall reſame this diſſection 
at ſome other convenient time, 


Of the ſmall water Turbo. 


Some ſmall Tarbines are commonly to 'be 
met with, Tab. X. fig. 1. @, in the places where 
the wonderful Snail, laſt deſcribed, is found. 
Theſe ſeem to agree entirely in ſtructure and 
conſtitution with the viviparous Snail, nor do 
oe obviouſly differ from it, only that their 
ſhell are ſomewhat longer. I have not yet 
found them of ſo large a fize as I could with, 
and as I have not them now alive, I cannot exhi- 
bit the figure of this creature, I therefore hope 
that the benevolent reader will be fatisfied with 
the figure of its ſhell only, | of 
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and two black. eyes. The ſtructure: of its 


tongue is almoſt the ſame with that of the won- 
derful Snail. : It had ſtrong little inteſ- 
the extreme ſpiral 


an 
probably, this ſhell was 

very thick, firm, and ſolid. To the lower part 
or 


cover, which 
liar production where the muſcles were in- 


ſerted into it, ſo that it reſembles the ſhoulder- 


blade in the human ſkeleton. On the outſide 
it was twiſted ſpirally like the ſhell itſelf. On 
the inner part, where this Snail creeps out of 
its ſhell, the opening -or entrance, which is 
formed like a creſcent, only was open, and 
over-againſt it I obſerved a certain greenith ſpot, 
which reſembled in ſubſtance the ſhell of mo- 
ther- of- pearl, and was likewiſe of the figure of 
a creſcent. - To this ſpot the operculum or 
cover 7 6 PEG when the Snail creeps out 
of its 8 | „ + A ba $44 


The flattened Snail. - 


Since many ſpecies of Snails are found in the 
rivers of our part of Holland, I ſhall brief 

deſcribe only one kind of the water race, whic 

is to be found there very common, both in 
falt and freſh water, as alſo in paſture grounds 
and near the high-ways. Its body is gray or 
blackiſh. On or at the fore part of the head 


* 
7 
- 

— 


are obſerved two lips, Tab. X. fig. 11. as, 


joined together, under which is the Snail's 
mouth, formed in the ſame manner as it is in 
the common water Snail, Under the mouth 
there is to be obſerved a 24 of the body, 
which I call the key. or b b, becauſe it 
ſerves it to creep with. The Snail frequently 
expands this yerge in ſuch a manner as to cover 
the lower ps of its lips and mouth there- 
with. A little higher in the head are two 
black eyes cc, ſituated at the baſis 4 d of the 
horns,, Theſe horns are very ſharp in the fore 
part, but broader behind, and the Snail can 


A? 


large 


ſome 


* 
* 


vontract them in ſome degree, but it cannot 


abſolutely draw them back into the bod. 
Wen its body e is puſhed forward out of 
the ſhell; it is conſiderably long and ſlender. 
Near the ſhell is: obſerved a part 
vrhich the creature can raiſe out of the water 
when it ſwims; ſo that by means thereof, it 
therefore has for this purpoſe a ſufficient 
aperture; Tab. X. fig. 111% in which 
is ſeen the openings g deſigned for the organs 
of generation. rn ern F768 
Its ſhell or hard skin is twiſted or rolled about 
in a wonderful manner, and on the leſt ſide it 
is ſmooth or flat h It is inveſted with a di- 
ſtinctly viſible and is divided by 
very ſmall incifions, ribs and furrows. But if 
this ſhell was ſo ſoſt as that it could be rolled 
out, an oblong tube might be made of it. On 
the right fide it is concave or diverging as it 
were from itſelf, but on the inſide it is rolled 
into itſelf, fig. 1v. a, and therefore leaves a ſmall 
aperture in the middle, which 1 call the cavity 
of the pillar. 197.45 

This Snail is a kind of intermediate ſpe- 
cies between the common water and viviparous 
Snail, as will appear from its diſſection now to 
be exhibited, It is very difficult to diſſect it; 
for it cannot be killed without hurting it, and 
it will not admit of being diſſected alive. How- 
ever, I do not doubt but I may be able to 
ſurmount this difficulty, by the r * | 
proper apparatus for that purpoſe, whic 
I the more —— with for, becauſe as ſoon 
as one begins to break open the ſhell of this 
Snail, it immediately diſcharges a purple fluid 
or humour, which diffuſes itſelf th ont the 
inſide ; even through the viſcera. If you kill it 
in ſpirit of wine, it likewiſe expels this pur- 
ple fluid out of its body; but when it dies na- 
turally in a little water, it ſhews no purple, be- 
cauſe the colour then probably vanithes by the 
changing the diſpoſition of the When 
this Snail is drowned in milk, in which how- 
ever it will live for ſome time, it is notwith- 
ſtanding found that the purple humour does not 
remain in the veſſels appropriated to it-by na- 
ture: and though I ſaw the heart beating, 
yet I never found this purple liquid in it or its 


. auricle. Hence I am inclined - to think, that 
this liquor is contained in a kind of ſacculus or 


bag, which I have ſeen in other Snails, but 
could not hitherto diſcover in this. | 

The ſhell being gradually and carefully broken 
off from the body, the diſſection ſhould com- 
mence from the aperture of the verge. It will 
then appear, that this Snail agrees greatly with 
the wonderful ſpecies ; for the verge is likewiſe 
here provided with a fimilar ſmall margin beau- 
tifully folded, and made in the fame manner as 
in the Snail before-mentioned ; for in its texture 


is likewſe found a very great number of ſuch 
chryſtalline 


obules, which craſh and make a 
noiſe under the inſtruments. On the other, that is 


on the right ſide af the verge, is alſo obſerved 


a congeries of ſuch Worms, as J have in like 
| manner 


of the verge, | 
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_ 4Awifineſs,; firſt ſtretching 


in their fool which may probably tr 


nail; and 
ſmaller ones, with thick: le h ; iflue from 
them, which will likewiſe fwim with very great 
velocity, and they alſo are ſtronger in their life 
and motioh, than thoſe which I have deſcribed 
in the account of the viviparous Snail. .. 

Theſe Worms like wiſe _ why very great 


and then, With great * debe ce rf ES © 
the body after it. Their greateſt 3 


kind of feet, as I have ſeen in other little crea- 
tures, and ſhall hereafter deſcribe and exhibit 
in figures. Theſe Worms are much- ſmaller 
in this than in the wonderful 8nail. When 1 

was certain of this fact of the Worms, from 
obſer vation, I kept ſome thouſands of them in 
the water, wherein I kept theſe Snails.encloſed 
in a large glaſs veſſel, and I faw that they 
moved ſwiftly, The little part of this Snail 
which contains theſe Worms in the upper part 
of its membrane, is on the inſide of a bright 
yellow colour; and, in my opinion, may pro- 
bably be accounted analogous to the purple- 
bong ol in other creatures of this kind ; but 
this I not affirm certainly. 1 „ 
This Snail agrees with the common water 
Snails with reſpect to the external ſtructure of 
the mouth and teeth. It wants an o lum 
or cover, but as to moſt of the vi it is 
likewiſe like them. Its ſtomach is formed in 
the ſame manner as that of the Hen. The 
brain is ſituated alike, though there is ſome 
difference in the nerves. - The heart is placed 
in the left fide of the body. But there is one 
peculiar thing in this, which is, that the liver 
conſiſting of glandules, is not protended to the 
extreme cavity of the ſhell; I have found there 

a ſmall part which was filled or crammed as it 
were with myriads of the thick-headed little 
Worms before deſcribed. - The chain-like little 
part follows next, behind which is pans ano- 
ther glandulous ig eden x ſmall part, and 
after this again is ſeen another yellowiſh little 


Of freſb-water Muſcles, 4 in the rivers in | Holland. 


1 N the river Vecht above Amſterdam, and 
in other rivers, is frequently found a ſpecies 
of Muſcles, which are indeed buried in the 
clay and mud next to the banks, but they lie 
free and diſengaped, and ſtretch out their 9 
pointed part. When the bottoms of the V 

or neighbouring ditches are cleaned, theſe muſ- 
cles are found in great numbers. I diſcovered 
three ſpecies of them ; a larger fort with thin 
and broad ſhells; a ſmaller more oblong, and 
with thicker ſhells ; and a very large kind, 
which is of a ſomewhat different. texture. 

I only examined the middle ſpecies of theſe, 
that is, thoſe which are moſt common. Theſe 
do not open themſelves much, they only make 
the two wings or lips of their bodies to ſwell a 
little out of the ſhell, and by this means * can 
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part near the uterus, which i is of the of the Kip tak 3 
ture with that in the Water * Wh 
with three tubes into the Rig the 

bs in?: 


neck: The penis is formed in the far 
as in the common water Stall, nor has ſt 
hs | iar in it, only chat Where it . ITY 
dont of the body, three "ſmall folds 8 
are ſeen, the middle whereöf is 
tiful, and is, in ſome meaſure” "Hike" "2 
I te) foot, and de, 


muſhroom, 
3 _ 3 

* * one renn. 9 4 
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| This Snail f is in Mot "il I like the hl 4 
mer, nor does it differ From i it, except that i 
ſhell is on each fide almoſt ſmooth, and is c 
cave, and adorned- with a ſmall Kind of mars 
gin,” Tab. X. fig. v. 4, by the gary | 
which it ha that the furrows or itt 4 
ribs in the ſurface of the ſhell are ow 1 
different manner. It is ſeldom found 1 
than it is here repreſented. There is alſo foms 
ſlight difference in the external part of than 
body, The horns are fleſh-goloured, oo g 
the body itſelf is blackiſh. The ſhell of thn 
Snail put in the ſun is almoſt all tranſparent, but 
PRO — its internal windings, which 
ſtained with purple. The roy 
— or beating heart, is obſerved to bara 
deeply tinctured with the like colour. But if 
body of this Snail, aſter it has out of the 
ſkin or ſhell, be pierced with a ſmall needle, and 
the needle afterwards extracted, it draws back 
its body very deep into the ſhell ; and then Way 
is obſerved, that a juice of a purple colour in- 
ſenſibly diſtils out of the wound, This I take 
to "y a OY 


2 hether this ſame thing holds 
in foregoing Snail, is yet to be diſcovere 
as alſo in a ſmaller one; the ſhell of Which 
likewiſe probably ſo thin as to be tranſparenty 
This and the former Snail are found in the 
ditches in Holland, as well as near the highs 


aſt dA: 
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fill themſelves with the river water. Dede 
they emit out of the ſhell ſome ſmall ruddy api 
culi, or ſmall points, with ſharp extremities; ami 
as thoſe are on the hinder part covered with 
blackiſh ſubſtance, they reſemble ſo many ſhards 
and black little ſpines, made like the pap lu thay 
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I had intended to complete the whole 
tomy of theſe Muſcles; but when 1 
two of them, all the parts that I found in g 
were ſo ſtrange, and ſo much unknown to mz 
that I deſiſted from my purpoſe. for that 
For, as I had never — U accurately Gia 
any ſpecies of Muſcles, I ſaw that it 
have taken up a very long time-to have 
this buſineſs, and I was then deeply —_ 
in other matters. I therefore reſerve this wal : 


that this little creature H 


more proper ity. But I ſhall 
as | = firſt fight to 


fly relate what 

waat a 
2 3 and outlide of this Muſcle, and 
in its ſhell, and ſhall, in particular, explain 
ſome things concerning the inſertion of its muſ- 
cles ; whereby the hiſtory of what I have be- 
fore ſaid of the Muſcles being inſerted in the 
ſhells of the Snails, will be conſiderably illuſ- 


When the ſhell of this little Muſcle is care- 


ſeparated in the part where the Muſcles are 
inſerted, then offers itſelf to view in the crea- 
ture, its lips, and with this the verge; theſe 
wind about the whole body, and cover it as it 
were with two wings or lips. One of theſe is 
obſerved to be, Tab. X. fig. vi. @ a, bent back 
to the fide of the body. On the lower fide of 
it, and likewiſe on the other fide of the body, 
are {cen papillæ as before mentioned 5 5, tinged 
with a black colour, which may eaſily be wiped 
off with a bruſh. The papillæ ſeem to me to 
be the extremities of ſo many tubes or trunks, 
whereby the Muſcle draws into its body, ſmall 
particles of mud and lime, for the gullet ſeems 
to communicate with them. On each fide of 
the body are four branchiæ or gills, each con- 
fiſting of three membranes, the middle where- 
of is formed like a bull-ruſh mat, and is com- 
poſed of longitudinal and tranſverſe filaments, 
and may be ſeen through both the external 
membranes. All theſe filaments ſeem to me 
to be tubes, through which the blood moves as 
it does in fiſh. The largeſt veſſels are ſituated 
in the lower part of the muſcle; and from 
thence ariſe, I think, thoſe tubes, which, who- 
ever purſues them ſo far, will find pretty ſtrongly 
connected with the papillæ that draw in the 
food. On each ſide, the Muſcle Tab. X. fig. 
VI. cccc has four ſuch larger branchiæ or gills, 
and four other ſmaller ones, d d d d, hind to- 
wards the hiader part. | | 

The body ſelf conſiſts of two parts, a 
hard e and ſoft /. Theſe I take to be the thorax 
and abdomen. The harder part is made up of 
a congeries of many muſcles, which run from 
one ſide of the body to the other, with ſtrata 
or layers of long fibres, and being then carried 
over the ſoft part towards the branchiz or gills, 
and wings or lips, they afterwards give various 
muſcles underneath to the belly. The thorax 


approaching to yellow. When opened it ex- 
hibits many muſcular fibres running tranſverſely 
from one fide to the other, from which the 
thorax obtains its hardneſs and ſtrength. Un- 
der this is placed the brain covered, with a 
bright-yellow membrane ; but the ſpinal. mar- 
row and nerves are white, and they are divided 
into branches which are detached in great num- 
bers to the muſcles. 

I find four different parts in the abdomen, 


membranous and muſcular expanſions. The 
part which I take to be the liver, is very large; 
it conſiſts of a congeries of ſmall oblong glan- 
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fully broke in little pieces with a forceps, and 


riſes into a point, and is of a colour ſomewhat 


a liver, fat, an aſhy-gray ſubſtance, and ſeveral 
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dules, which are placed near the hepatic veſſels, 
and reſemble ſo many uvulæ reſting on their 
little ſupports. Its colour is a blueiſh red; and 
where the veſſel is thickeſt, a glutinous matter 
is contained in it, There is a great quantity of 
what I call fat in the abdomen; it is divided 
into ſmall glandulous little knots, and is of a 
bright white colour, ſo that one would take 
them for little eggs, only there is ſo great a 
quantity here, that it reaches even to the ſpinal 
marrow. Many membranous and muſcular 
expanſions are likewiſe ſeen in the belly, but 
whether they are interwoven with veſſels and 
nerves, or with muſcular fibres, I cannot exactly 
determine. To conclude, there is likewiſe a 
great quantity of aſh- coloured matter, diſtri- 
buted among the fat: we find the ſame ſub- 
ſtance depoſited round the larger veſſels of the 
branchiæ or gills, and in many other places. 

I could not hitherto diſcover either a heart 
or a ſtomach in this creature, but ſhall reſerve 
both for further inquiries. The 'principal muſ- 
cles that ariſe from the back are here very 
ſtrong, and divided into many tendinous fibres, 
and are firmly inſerted in the ſkin or ſtony ſhell 
of the creature, ſo that by this means various 
holes and cavities are obſerved to be formed in 
the ſhell, becauſe ſome of the tendons are fixed 
in it deeper than in others. Out of the back 
ariſes, among others, a very beautiful ſmall 
muſcle, which paſſes through the ſhelly part 
that joins the two valves of the ſhell iether 
as through a pully, and is afterwards inſert 
in the ſharp-pointed extremity of the ſhell: but 
the muſcles are not fo ſtrong about the acute 
extremity as elſewhere. The ſame are like- 
wiſe very ſhort, which is the feaſon that this 
Muſcle can open the valves of its ſhell but a 
little way; ſo that if you attempt to ſtretch 
them further, even with the leaſt force, they 
immediately break. 

On the inſide of the ſhell are obſerved five 
particular parts, in which the muſcles of this 
creature are inſerted, that is in the fore part of 
the acute extremity, where the inſertion is in- 
deed broad and formed into a circle, Tab. X. 
fig. v11. a, but not very ſtrong. The Muſcle 
is very ſtrong at the thick end of the ſhell, be- 
cauſe the muſcles are there very firmly united 
with the ſtony bone: but one may there ſee 
four little apertures & ſunk in the ſhell, wherein 
the tendons of the muſcles are united with the 
ſhell, or rather change into a ſhelly ſubſtance, 
The muſcles of the lips are | inſerted, but not 
ſtrongly, almoſt in the whole circumference of 
the ſhell next to its extremity ccc. We obſerve 
that the ſpiral worm d of this ſhell ſwells ſome- 
what beyond its arched cavity. There are alſo 
two eminences ee, by the help of which both 
valves of the Muſcle are very ſtrongly joined 
together as by ginglymus; which, together 
with the parts wherein the muſcles are inſerted, 
make a very beautiful appearance in ſome other 
ſpecies of Muſcles, and are wonderful in the 
larger ſhell-fiſh of this kind. This ſhell is on 
the inſide like that of mother-of-pearl, On the 
2 8 ; outſide 


86 The BOOK of 


outſide it has various convoltions or little ribs, 
formed like creſcents, and is ſurrounded on 
every lide with a ſtrong yellow-green membrane 
or perioſteum. 1 ; 

I have nothing more to ſay of this and 
the other creatures, as I only ſlightly made 
theſe particular experiments, that I might, as 
far as time would permit, illuſtrate the hiſtory 
of the covered Snail by the deſctiption of ſome- 
other kinds. I have examined into theſe things, 


that the, reader, myſelf, and all mankind may 
learn to know God by his wonderful works, 
and 


and love him as the ſupreme Deity 


and the 


NATURE; or, 


great Creator of nature. Doing this, 
we ſafely purſue the ſteps of Chriſt, in and by 
whiom every thing we do muſt be acceptable 
to God : but if we do not follow or imitate him, 


-we are like thoſe careleſs ſervants, who buried 


in the earth the talents committed to them, 
which God may not be our caſe; and 
may all perſons, according to their reſpective 
abilities, extol and praiſe him; for which end 1 
have communicated theſe obſervations as my 
mite, and wiſh they may anſwer the intended 
purpole, a 


The method of cutting various images and figures in ſhells. 


E FORE Iconclude the hiſtory of ſhell- 

fiſh, I ſhall farſt ſubjoin a method, where- 
by ſhells may be engraved and adorned with 
little pictures and figures, which is indeed a bu- 
ſineſs of exquiſite art, Take yellow wax, and 
mix a little Venice turpentine with it, to make 
it more clammy, then add as much lamp-black 
with it as will make it very black. With this 
wax melted in a ſpoon, we may make any 
figures we think proper, on the ſurface of the 
ſhell, to be carved ; then we cover thoſe parts 
that are left uncovered with wax, with aqua 
fortis, which may be conveniently done by the 
help of a skewer, with a ſmall piece of linen 
wrapt round it. If this be continued for a 
ſhort time, all the parts of the ſhell that are 
free from the wax will be eaten by the aqua- 
fortis, and in thoſe places covered with wax 
will be left an higher ſurface. And by this 


means the ſhell may be adorned with various 
figures, and apartments or diviſions, which ap- 
pear to be externally made thereon. But if 
after the wax is ſcraped or taken off by melt- 
ing it, any corners or uneven parts ſhould 
chance to remain, they muſt be planed and 
perfected with the inſtruments wherewith fi- 
gures are engraved. Thus three, four, or five 
eminent figures may be executed one over ano- 
ther, according to the thickneſs of the ſhell, 
and the places which we would have elevated, 
are firſt covered with melted wax. But the 
place which the aqua fortis corrodes with its 
acrimony, ought to be waſhed with common 
rain water. Other corroding liquors are not ſo 
proper for this purpoſe as aqua fortis, becauſe 
they leave after them a ſandy ſubſtance like 
chalk, which produces a roughneſs that renders 
the appearance leſs agreeable. 


The end of the hiſtory of SHELL-F1sn, 


A letter from John Swammerdam to the moſt illuſtrious Mr. Thevenot, on the 
anatomy of the Cancellus or Bernard L' Hermite. 


ILLUSTRIOUS SIR, 


HEN had the honour of your com- 

y for ſome days in Yfli-ſtreet, it 

often happened that ſome miracles of nature 
excited us to admire the great Creator, who is 
aſtoniſhing in all his works. We have alſo 
debated on the fame ſubject often, when you 
reſided in Holland, and I have ſhewed you 
various uncommon experiments on bees and 
other ſpecies of inſets. But fince the ſecrets 
of nature have, by the many inſtraments and 
contrivances which I have invented, become 
clearer and more known to me; and fince I 
can in one day inveſtigate what I have before 
ſpent a whole week on; I can therefore now 
add a great deal to the diſcoveries I formerly 
made. This you will be convinced, of from 
the deſcription of the internal and external parts 
of the Hermit Crab, which I firſt obſerved ſome 
years ago at Scheveling. For, as Dr. John 
Oort, governor in Nyenrode, ſent me a large 


veſſel of theſe creatures, which, the better to 
preſerve them for ſome time, he had taken 
care to throw into ſpirit of wine immediately 
after they were caught: I cannot help giving 
you a full deſcription of what I obſerved in 
them, and what obligations I am under both 
to my old friend, the governor of Nyenrode, 
who 1s greatly delighted with the works of 
God, and to you, illuſtrious fir, who keep me 
continually employed in theſe matters, and en- 

ge and perſuade me to ſearch into them. 
All mankind will admire the ſtupendous ex- 
amples of the immenſe greatneſs of the won- 
derfal-works of God, which that ſupreme ar- 


chitect exhibits to our contemplation in the va- 
riety of the things which he has created, that 
we may acknowledge his wiſdom and infinite 
power in the works of nature, and be induced 
to love him moſt ardently, and aboye all 


The 


things, 


The HISTORY of INSECTS: 


The fiſhermen who get their living in the 
ſea of Scheveling, take there ſeveral F ſtrange 
creatures, as well in common nets as in drag 
nets, which they either throw again into the 
ſea, or leave on the ſhore, fince they can get 
no profit by them. This is the reaſon that-it 
is not yet known, how many and what won- 
derful creatures there are, to which the eter- 
nal power of God has aſſigned the ſalt waters 
as their habitation, I wiſh many more men 
had ſuch an ardent love for the ſciences, as 
you and the governor of Nyenrode, our friend, 
for thus the knowledge of natural ſcience, and 
the hidden cauſes in phyſicks would, by de- 
grees, become known; and the incitements to 
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dur duty, by which we are ordered to love 
our Creator with all out heart, would be dou- 
bled. I am greatly obliged to you, becauſe 
when you were in Holland, you ordered many 
ſtrange creatures to be brought me from Eg- 
mont- ſtreet, which we afterwards examined 
with our common and dear friend Dr. Stenon. 
But I fear my long preface makes me trou- 
bleſome to you, by delaying the expoſition of 
what I promiſed, and the gratification of your 
eager curioſity. I ſhall therefore now relate to 
0 in order, what I have obſerved in the 
pace of two days in the Hermits tranſmitted to 
_ and what ſtupendous things I ſaw in 
m. a 


Tze external parts of the Cancellus or Hermit. 


IN the open veſſel wherein my Cancelli or 
Hermits were incloſed, I ſaw ſome of them 
had broken out of their ſhells, and thag others 
ſtill lay in them. The ſhells of the largeſt 
were as big as a cheſnut, but thoſe of the ſmall- 
eſt were not bigger than a large pea, The 
creatures themſelves who inhabit the inſide 
were large or ſmall, in proportion to the fize of 
their ſhells. But all theſe ſhells were of the 
fame figure, form, and habit, only that there 
was ſome ſmall, and, as it is called, acciden- 
tal difference, in reſpect to the colour and lines. 
Some of the Hermits which till lay in their 
ſhells, were diſengaged from the ſhell, fo that 
they were affixed, by the ſtrength of their tail 
only, in the laſt ſpiral windings of it ; but in 
others I ſaw very diſtinctly that in the middle 
of their body they were joined in the fame 
manner to the ſhell itſelf “, and this is a pro- 
perty common to Muſcles and Snails. Hence, 
it appeared to me moſt certain, that the ſhell 
was as much the true skin of the Hermit as it 
is of the Snail. | 
Hence it ſeems matter of wonder that the 
learned Rondeletius ſhould write of the Can- 
cellus or Hermit in this manner: Bernard 
« L'Hermite fe loge toujours dans les coquilles 
« Fautrui, et qurl n'en a point de propres ;”” 
that is, the Hermit always inhabits the ſhells 
* of other creatures, nor has it any of its 
« own.” I obſerve in the covered Snail, that 
by the help of its muſcles it is not only affixed 
to the ſhell, but even the tendons of thoſe 
Muſcles increaſed with the ſhell, and are actu- 
ally transformed into it, in the ſame manner as 
the tendons of the feet of Cocks and Peacocks 
are inſenſibly offified through age. The fame 
thing is alſo obſerved in the Hermit, for the 
tendons of its muſcles, firmly adhering to the 
ſpiral pillar of the ſhell, where the pillar forms 
ts ſecond ſpiral winding, are obſerved to be all 
joined to that rocky ſubſtance. But as the ten- 
dons do not occupy a great ſpace with their in- 
ſertions ; therefore the body of the dead Her- 


mit quits them: and this was 8 the 
reaſon that the great Rondeletius, following the 
doctrine of Ariſtotle, has not obſerved this 
matter. As all theſe ſhells have one and the 
ſame figure and ſtructure, it is manifeſt even 
from hence that they are proper to theſe crea- 
tures only, and are increaſed and augmented 
with them, as is the caſe in Snails and all other 
creatures that inhabit ſhells. I am therefore 
certain, that all Hermits which belong to the 
ſame ſpecies have likewiſe ſimilar ſhells; for 
I am taught by experience, that there are many 
ſpecies of Hermits that are not only very dif- 
rent from one another, but alſo live in diffe- 
rent kinds of ſhells ; this I have ſeen in my 
father's collection, and in many other muſeums. 
The ſhell of the Hermit is moreover ſur- 
rounded with a very thin perioſteum, and hence 
ariſes a new argument, which confirms, that 
the ſhell is the ſkin of this creature, which, 
with its perioſteum, covers it on the outſide, 
So that therefore the Hermits, as well as Beetles 
and cruſtaceous creatures, have their bones 
placed on the outſide round their fleſh, though 
there is ſtill ſome difference, This perioſteum 
is very thin, nor can it be better or more per- 
fectly Ns, than by ſteeping the ſhell ſome 
days in Iye, and rubbing it lightly with aqua for- 
tis, for thus it parts from the ſhell. By this me- 
thod the perioſteum may likewiſe be very eaſily 
ſeparated in ſome other ſhells. But it is ſo thick 
and remarkable in fome kinds, that there is no 
need of this experiment. In other ſhells, again, 
which are rolled over rough ſtones, or that have 
been drawn through rocky and ſandy places 
with their inhabitants, this perioſteum is wholly 
worn off, and cannot therefore be then diſco- 
vered in them, | 
Some of theſe ſhells were very ſmooth and 
beautifully coloured, Tab. XI. . 1. a, and 
littered like a looking-glaſs. A ſpecies of the 
Nes Marinus, rifing with ſmall points, covered 
the largeſt of them in ſuch a manner, that the 
whole figure of ſome were obſcured and hid, 


The ſolution of theſe problems remains for future obſervations. This author aſſerts, that the body of the Hermit grows to 
the ſhell ; others affirm, that the creatures will at any time crawl out of the ſhell, on ſmoaking them with ſulphur : if ſo, the 


ſhell is no part of the creature. 


nor 
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nor could the ſpiral windings of ſome of them 
be ſeen b. Moreover ſome holes appeared be- 
hind the points, and alſo ſome very ſingular lit- 
tle grains of ſand, ſome of which were like- 
wiſe covered with the Fucus. Other holes 
were obſerved likewiſe full of ſofter purple 
coloured eminences. In ſome of the ſhells a 
ſoft ſea mud was found, in others a very hard 
one, the figure whereof was likewiſe ſpoiled by 
winding round the creatures. I likewiſe ſaw 
that a ſubſtance adhered to the internal ſurface 
of one ſhell in ſuch a manner, that there was 
no void ſpace either in the entrance or mouth 
in the fore part, or a little, higher in the ſhell ; 
only where the tendons of the muſcles were 
ſeparated from the ſubſtance of the ſhell. I 
obſerved further, that Worms had pierced the 
ſhells in ſome places, and how ſome of them 
had been 2 and again joined together. 
Theſe ſhells are uſually moſt beautiful when 
the Hermits are ſmalleſt in them, for they are 
not then covered. In ſome other young ones, 
of theſe, the perioſteum appears of a very re- 
markable figure and beauty, where the ſhells 
are not yet covered with the accreted matter; 
as I have obſerved in ſome ſmaller water Snails, 
in which the whole perioſteum was very deli- 
cately adorned with briſtly hairs. Let what has 
been hitherto ſaid of the ſkin of theſe creatures 
ſuffice. I ſhall now explain the other parts of 
the Hermit, and that they may be the more 
eaſily underſtood, I ſhall divide the creature 
into four parts, the head, thorax, abdomen and 
tail, and ſhall afterwards deſcribe every thing 
remarkable in each. 

In the upper part of the head are ſeen two 
eyes, Tab. XI. tig. 1. c, and on one fide of 
the latter, two horns or antennæ d d. Under- 
neath appear ſome articulated briſtly hairs, and 
alſo a mouth and teeth. The eyes are oblong, 
ſomewhat red, and in their aperture of a dark 
green colour: they are articulated on both 
ſides with the head, by the aſſiſtance of a cer- 
tain dentated ring, which conſiſts of a like ſub- 
ſtance with the ſhell that ſurrounds the thorax 
and feet, and the other part of the eye is again 
articulated with the head. This upper part of 
the eye is likewiſe very hard underneath and 
in the middle, but it is ſoft above, where the 
cornea tunica is placed. The horns are com- 
poſed each of three joints, whereof the largeſt 
are thoſe which are joined to the head on each 
ſide of the eyes; from theſe the horns inſen- 
ſibly grow very ſhort, and terminate as it 
were in ſmall briſtly hairs. In this thin and 
tender part of the horns I reckoned above one 
Hundred and twenty very fine and delicate arti- 
culations, each of which was likewiſe adorned on 
each ſide with two pair of fine hairs. In the larger 
Crabs theſe articulations are very diſtinctly con- 
ſpicuous, and when the Crabs are boiled, the 
horns may be divided into as many plain and 
ſmooth rings as they have articulations of that 
kind, Between the firſt and ſecond joint of 
theſe horns of the Hermit, there is a ſmaller 
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rigid or hard appendage, beautifully adorned 
with' briſtly hairs. a) 
Between the horns, under the eyes, appear a 
beautiful pair of rough hairs, which conſiſts of 
three joints, whereof the upper one is the 
broadeſt, Under theſe are ſeen the teeth, 
which are two little, hollow, white, oblong 
bones, and are furniſhed with ſtrong 'muſcles, 
wherewith they are moved. Between theſe 
teeth is placed an external bone, by which the 
creature takes its meat, for which purpoſe it 
has not only two arms or e, f, but many 
- articulated rough or briſtly hairs, of different 
ſtructures, which cover the mouth on the lower 
part. There are two very ſmall, ſmooth; 
broad, ruddy, ſhaggy briſtles, or rough hairs 
of this ſort, each of which has one joint only. 
There is afterwards another pair of larger briſ- 
tles of the fame conſtruction, each of which 
has two joints. There is alſo a third pair, not 
{ſmooth or broad; but with theſe, on either fide, 
are two pair of ſuch little parts likewiſe articu- 
lated, and every hair of this third part in the 
ſame manner conſiſts alſo of two joints. The 
fourth pair is ſomewhat ſmooth; and broad, and 
theſe are compoſed of three joints; to theſe 
are alſo joined another 'pair, each hair of 
which has two joints. There is in like man- 
ner a fifth pair, that are likewiſe double, that 
is, a larger one, compoſed of four joints ; and 
the other, which is joined to the former, con- 
fiſting of three. Laſtly, there are underneath, 
near the thorax, a very large pair of briſtly 
hairs, like two legs, each of which conſiſts of 
ſix joints, and has alſo on each ſide a ſmall 
part added to it with two articulations. So 
that computing the whole, there are here 
twelve pair of {mall parts beautifully interwo- 
ven with briſtly hairs, which meet together 
when the Hermit ſwallows its meat, as is ma- 
nifeſt from their ſtructure and ſituation. 

The thorax underneath is divided in the 
middle as it were by two teſtaceous little 
bones, with which the two arms and the four 
fore legs, Tab. XI. fig. 1. gg, are articulated. 
And in order to ſee this diſtinctly, it is neceſſary 
to take the whole Hermit out of the ſhell, and 
to lay it on its back. Then four articulated 
briſtly hairs are ſeen between the eyes. fig. II. aa; 
but the other briſtly hairs before deſcribed can- 
not be ſeen diſtinctly, until after theſe are re- 
moved out of their places, becauſe they are 
covered by them. Near the eyes two horns 33 
come in fight, and afterwards two arms 
are ſeen very diſtinctly, of which the left with 
its forceps c, is always leſs than the right 4, 
though both gre compoſed of five teſtaceous 
Joints ; to the uppermoſt of which is likewiſe 
joined by articulation a ſmall part, which may 
be called a thumb, and from this the for 
of this creature have their origination. _ 

The four ſubſequent legs e e conliſt of ſix 
Joints, which are alſo like the arms adorned with 
prominent notches, briſtly hairs, ruddy ſpots 
and furrows. And further, with the thorax 

ES are 
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joined two other pair of ſmaller like 
— - and in the middle, between eac "wh of 
theſe, are obſerved ſome peculiar little bones, 


hereby theſe legs are joined to the thorax. 
The rt pair of them, Tab. XI. fig. 11. f , 
has indeed five joints, and, in other reſpects, 
it is of the ſame ſtructure with the arms or 


forceps, and has, like them, a very ſmall - 


thumb. The other pair likewiſe conſiſts of 
five joints, and is very worthy of notice g g. 
becauſe the firſt pair of theſe joints, that next 
to the thorax, or the fifth, if you compute 
from the extremities, is perforated with two 
ſmall tubes, iſſuing from the abdomen, through 
which the ſemen or eggs are ſecreted ; which 
indeed deſerves WY great conſideration, ''The 
upper part of the thorax, or back, is furniſhed 
with a ſmall ſhield ; behind which is placed 
ſuch another, but leſs. On the ſides of the 
thorax the cruſtaceous covering of the back is 
thin, and if it be raiſed up, which may be 
done without diſſecting it, the branchiæ or 
ills are obſerved underneath, placed on each 
{ide of the thorax. | 
The abdomen is ſoft, and has no ſhelly or 
cruſtacious covering; ſince the ſhell itſelf” is 
its coat, and does e office of that hard ſkin. 
The body is in this part bent near the duct of 
the ſpiral windings of the ſhell, with which it 
is ſurrounded. But this bending of the body 
is not ſo remarkable as in Snails ; becauſe the 
body of the Hermit is not extended through 
all the turnings of the ſhell, The abdomen 
has on the right ſide three teſtaceous briſtles 
Bh, each of which conſiſts of two joints. Ron- 
deletius, in his Hermit, ſeems to delineate fix 
ſuch little parts, which are interwoven or 
planted with little eggs or ſpawn like beads. 
Among many things worthy notice in the 
belly, what deſerves moſt particular conſidera- 
tion is a certain eminent or prominent point i, 
which 1s naturally the firſt thing obſerved in 


the thorax, and is as the center, wherein all 


the tendons of the muſcles, and that part of the 
abdomen . meet ; and by the help of which, 
the Hermit is in that part fixed in his ſhell or 
ſtony ſkin, ſo that it can never go entirely out 
of it. Though its thorax, and the hinder 
part of the abdomen and the tail adhere to 
nothing, and that there is ſuch large room or 
ſpace in the ſhell, as that the Hermit can 
freely move itſelf therein; yet the thorax is 
forced to remain fixed in the ſhell, -like the 
Tortoiſe in its houſe or ſhell. 

The tail of the Hermit is alſo ſurrounded 
with a cruſt æ. That this may appear the more 
plain, I have delineated it larger than it natu- 
rally is. This tail conſiſts of two teſtaceous 
articulations, Tab. XI. fig. 111. a, to which 
are added at the end a verge as in Snails 6, 
which forms the third joint, and ſerves to hide 
the fundament : for the inteſtinum re&um c 
terminates there in the ſecond joint. On each 
fide of the tail are three pair of teſtaceous little 
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bones dd; which, like the arms; are larger 
on one ſide than on the other, and beautifully 
decorated with ſmall hairs. The Hermit makes 
uſe of them when it finds an enemy approach- 
ing, to hide itſelf in the ſhell, or when it de- 
fires to teſt ;_ for then by their aſſiſtance it lies 
fixed in the hinder parts of the ſhell, or draws 
itſelf back into it. But if the Hermit draws 
to it, or contracts theſe little parts, it can then 
protrude its tail forward into the entrance of 
the ſhell, and thus it evacuates its excrements. 
For this purpoſe, I think, nature has given it 
ſo large a ſhell ; the hinder windings whereof 
are not all filled with it, as we have before ob- 
ſerved. The ſame is found in Snails that inhabit 
ſhells; which, for that reaſon, diſcharge their 
excrements through their neck, and have not 
a very moveable tail. Theſe little bones of the 
tail are formed, ſome larger than others, in 
. the ſpace in the ſhell, for this is 
arger on one ſide than on the other. In the 
ſame artificial manner are built the wheels of 
french chariots made for aſcending. 


The internal parts. 


Receive, illuſtrious fir, this brief deſcription 
of the external parts of the HermitFiſh, and 


permit me now to paſs to the internal, begin- 


ning with the abdomen, becauſe I have be- 

n the diſſection there. When the abdomen 
is opened, the firſt thing that appears is the 
outer and inner ſkins, which are glandulous ; 
and immediately under there is ſeen a fleſhy 
membrane. After theſe integuments are diſ- 
ſeed or taken off, a great number of whitiſh 
filaments preſent themſelves ; which are deli- 
cately and orderly placed on very numerous 
and beautifully digeſted parts, in form reſemb- 
ling inteſtines, fig. Iv. gg. As I purſued the 
courſe of theſe white filaments to their origin, 
I ſaw they were blood veſſels, though of a 
white colour like a cob-web. What I firſt 


took to be the inteſtines were all appendages *, 


ſometime plain, and ſometimes divided; which 
were of a tubular ſtructure and whitiſh colour, 
and contained a matter ſeparated into diſſimu- 
lar parts, and condenſed into a ſerum and 
coagulum. Theſe appendages were ſo nume- 
rous as to cover almoſt all the abdomen ; but 
they were all connected by the blood veſſels, 
which I was obliged to break open with great 
attention, in order to diſcover their origin and 
beginning: Thus I at length diſcovered that 
theſe were on each fide united, Tab. XI. fig. 
v. A5, into two common ducts, which grow 
near the ſtomach where the pylorus is placed, 
and are terminated in many unopened tubes 77, 


What uſe theſe appendages are of, and whether 


they ſerve inſtead of a pancreas, which is 
formed in that manner in many Fiſh, may be 


more accurately inveſtigated in the larger 
Crabs. | : | 


® This is a _conftruQtion very frequent in the inteſtines of Fiſhes. | 
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Among theſe appendages, at the bottom of 
the muſcles of the abdomen, appeared an in- 
teſtine; which, without any winding, ran ſtrait 
from the ſtomach towards the tail; and whefe- 
of I have here delineated, fig. 111. e, only a 
ſmall part, ſomewhat augmented beyond its 
natural ſize. It was full of gray excrements, 
which, when viewed with a microſcope, con- 
ſiſted almoſt entirely of ſmall chryſtals, which 
were regular grains of ſand. The ſtomach 
alſo contained partly the ſame ſubſtahce, and 
partly ſome little fibrous membranes. Its up- 

r part is placed near the back, its inferior 
in the thorax. It is in ſtructure partly mem- 
branous, and partly cruſtaceous: its bones are 
very beautiful, Above, below, and on each 
ſide, it has many muſcles, by which its parts 
are connected and moved. On the inſide, in 
the cavity of the ſtomach, I ſaw three diſtin 
teeth, of a moderate fize, each of which was 
divided into ſeveral ſmaller teeth: the teeth 
were of a pale lemon colour, but it was changed 
by degrees into a dark green, in that part where 
they terminated in little teeth or diviſions. 
Two other teeth-like little parts, which were 
uneven and notched, adhered alſo to the cavity 
of the ſtomach. This obſervation is certainly 
very worthy of notice, that the little creature, 
living like a Snail in the ſhell, is furniſhed 
with a double apparatus of teeth; for it has 
two teeth forward in the extremity of the 
mouth, and five others in its ſtomach. 

Where the inteſtinum rectum or ſtraight gut 
begins, I ſaw the cæcum or blind gut mode- 
rately long, and beautifully twiſted, Tab. XI. 
fig. 111. /, which I firſt took for the extreme 
appendage ; but as I found it looſe and diſ- 
engaged in all the Hermits I diſſected, I there- 
fore believe it is the cæcum. I ſhould not, 
however, venture to affirm this for certain, 
becauſe I have not diſtinctly ſeen its blind or 
imperforated extremity; for all its contents were 
coagulated and ſeparated by the ſpirit of wine, 
and the place wherein the inteſtine itſelf was 
ſeen, appeared ſo tranſparent, that I could not 
obſerve that particularity. Beſides, it was not 
like the appendages on account of its contents, 
nor was it inſerted in the middle, but ſome- 
what on one fide of the inteſtinum rectum. 

In the abdomen, on each ſide of the appen- 
dages, there were two ſmall genital veſſels, 
fig. vi. aa, whereof that in the right fide was 
the larger : both were, in many a x7 beau- 
tifully twiſted into ſpiral windings 5, and they 
proceeded thence curled, till they at laſt ter- 
minated in a narrow tube c. It appeared like- 
wiſe how theſe, in their end, pierce or perforate 
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the laſt pair of legs, fig. 11. gg, in the middle of 


the fifth joint, which reſembles a bone or ſhell 
with a conſiderable tube, fig.vi. d. This I have 
delineated larger than it naturally is. This per- 
foration appeared to me very plain, when I 
ſqueezed the contents through it, and ſeparated 
and unbound the tube itſelf. In it was a ſub- 
ſtance of a whitiſh colour, and when examin- 
ed with a glaſs, it ſeemed all to conſiſt of very 


4 


ſmall regular little parts, like round globules: 
1 could . whether theft were the 
tudiments of eggs, or the globules of a male's 
ſemen ; fince in all the ten that T diſſected, 
the ſame ſtructure was obſervable in the geni- 
tal veſſels. The winding of theſe ſpermatic 
ducts were likewiſe connected by means of 
blood veſſels ; and when I opened them, they 
were ten inches and an half long. Theſe are 
all the entrails that I ſaw in the abdomen; 
only that in the bottom of the belly were 
placed ſeveral muſcles, to - which the 
nerves iſſued from the ſpinal marrow. Part of 
the tendons of theſe thiiſcles tertninated in the 
point, fig. 11. 1, above deſcribed ; where the 
creature is fixed in its skin or ſhell, ſo that with 
their affiſtance, the Hermit may draw in and 
hide itſelf in the ſhell. Between the appen- 
dages I ſaw many little drops of fat floating, 
which reſembled the oil boiled out of the 

of Whales ſwimming in water. 

If the thorax be opened above in the back, 
the firſt part that is thefe ſeen is the ſtomach, 
with its muſcles, which 'is of , a remarkable 
ſize in this creature, and is realty ſituated un- 
der the back, though I have, for method ſake, 
deſcribed it in treating of the abdomen. Be- 
hind this ſtomach, above the pn where the 
inteſtine ariſes, is ſituated the heart, Tab. XI. 
fig. vii1. aa, which reſembles an irregulat little 

ece of fleſh, and becomes ſotnewhat pointed. 

t is of a ruddy colour there, but underneath 
and at the fides it is white. I perceived four 
veſſels b iſſue from it above, and two c below; 
and one of the two lower ones was larger and 
thinner than the other ; which however con- 
ſiſted interchangeably of ſomewhat thicker | 
ſides, and ſent off ſome vaſcular ſprigs d. On 
the outſide of the ſurface of the heart I ob- 
ſerved 6 ſeveral little holes; but on the infide 
the heart was fibrous, and furniſhed with its 
pillars or columns like the human heart. 
diſcovered only one venticle in this creature, 
as is the caſe in the generality of Fiſh; but I 
could not ſee its auricle. Moreover, I obſerved 
how the whitiſh veſſels in this heart, were diſ- 
tributed up and down through the body, eſpe- 
cially towards the branchiæ or gills, one of 
which I have repreſented magnified e. 

There are here, as I have obſerved, eleven 
branchiz or gills on each fide of the body, ſo 
that they 5 twenty-two in all. They are 
ſituated at the ſides of the thorax, between 
theſe long cavities, which there form the arti- 
culations of the legs. They are of a pyrami- 
dal figure, rifing from a broad baſis f, and 
ending in a ſmall pointed top g. Each of them 
is, at the upper end, divided into two other 

rts, each of which conſiſts of a great num- 

r of ſmooth or plain lamellæ þ or layers, 
which are applied cloſe to each other like the 
leaves of a book, and each of them is divided 
from the others very deeply, which makes 
indeed a very agreeable ſight. The ſtructure 
of the branchiz or gills is partly cartilaginous 
and partly membranous ; and their _— 

| veſſels 


over the beginnings of the ax 
in the thorax, as has been be- 


After theſe little parts; together with the 
ſtomach, heart and inteſtines are removed, the 
ſpinal marrow preſents itſelf to view: it is 
placed entirely at the bottom of the thorax, 
and is not incloſed in a bone. It extends it- 
ſelf the lower parts of the abdomen 
to the tail of the creature, and there terminates 
in the muſcles of that part, In order to de- 
ſcribe this matter the more exactly, it muſt be 
obſerved, that the brain, Tab. XI. fig. Ix. a 4 
from which this marrow arifes, is ſituated 
immediately under the articulations of the eyes 
in the head, which is very thort, and joined to 
the thorax. This brain is feen to be there 
divided into a right and left part. Above the 
brain appear the optic nerves 66, which are 
found to decuflate over it, and to proceed to- 
wards the eyes, as I ſhall now ſhew. Under- 
neath, out of the bafis of the brain, ariſe two 
ſtrong nerves c, which properly conſtitute the 
origin of the marrow in the thorax : theſe 
nerves are placed at a conſiderable diſtance 
from each other, in order to give a paſſage to 
the gullet, which is very ſhort, and reaches 
from the mouth to the ſtomach. The brain is 
therefore placed over the gullet, and the gullet 
again, as well as the ſtomach and inteſtine, 
are lodged upon the marrow in the thorax and 
abdomen. Theſe two originations of the 
marrow are again united a little below, and 
there form a remarkable ſwelling or knot d, 
out of which many nerves iſſue, which are 
diſtributed over the muſcular parts of the 
thorax as well as the brachia and legs. In 
men and quadrupeds ſuch cluſters are never 
ſeen in the body of the marrow, but always 
in the nerves after they have iſſued out of that 
part; but this is indeed the ſame thing in 
effect, for as the marrow itſelf is as it were a 
bundle of nerves, and is double in all ſpecies 
of animals, it is the ſame thing whether theſe 
cluſters are found in the marrow, which is a 
kind of thick and compound nerve, or in the 
nerves iſſuing from thence, which are the ſe- 
parate portions of the marrow. Whoever accu- 
rately conſiders the marrow in man and other 
animals, will indeed moſt clearly obſerve this 
analogy; though Malpighius himſelf does not 
ſeem to have obſerved it, when he ſuppoſed 
there was ſo great a quantity of brains in the 
marrow of filk worms, After the marrow 
has formed this cluſter in the Hermit, it 
becomes ſimple again, though its two parts 
may, notwithſtanding, be palpably diſtinguiſh- 
ed ; but theſe are ſo nearly applied and conti- 
guous to each other, that they are as if they 
were but one. Afterwards is diſcovered ano- 
ther cluſter of marrow, and a third, fourth, 
fifth, nay, a ſixth, eeee e; the nerves of this laſt 
are detached to the muſcles of the tail. The 
nerves which ariſe out of theſe little clufters, 
are almoſt -all beſtowed on the muſcles of the 
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abdomen; whereas on the contrary, thoſe 
that iſſue from; the marrow itfelf, Tab. XI. fig. 
ix. are likewife diſtributed to the viſcera. 
Itis likewiſe worthy of notice after what man- 
ner the nerves deeuſſute one over another, which 
I demiotiſtrate in thoſe nerves which iſſue be- 
fore the laſt cluſter out of the marrow g, and 
are detached to the muſcles of the abdomen. 
After the optic nerves have iſſued from the 
brain, they ate incloſed in the annular þ cruſt 
of the eye; and being again conſiderably ex- 
parided in the latter, they thus proceed to the 
verge of the cornea tunica, and there termi- 
nate like ſpheres, ot in globular forms. No hu- 


mours appear any where in the whole eye, 


like thoſe found in the eyes of men, quadru- 
zedes, bitds, and terreſtrial or water Pnails ; 
t it is obſerved to be of a texture entirely 
different, Which is vety worthy of attention. 
If the cornea i be taken from the eye, there 
is immediately ſeen under it 4 kind of limpid 
matter, _—__ k,;which is the colour of jelly, and 
is divided in a very elegant and regular manner, 
What part this is, and whether it has its ori- 
gin from ſpitit of wine, I cannot exactly de- 
termine, as I never ſaw any thing like it in 
any inſets, whoſe eyes are of the ſame ſtruc- 
ture; I ſhall therefore at a proper time exa- 
mine this little body, in the larger Crabs 
diſſected alive. 7 | | 
But before I proceed further, it is to be 
known, that the cornea tunica is divided like 
a net, in the ſame manner as in the eyes of 
inſets, but theſe reticulated diviſions are here 
much deeper. I find every diviſion to be 
hexagonal, as well in this Hermit as in inſects. 
Moreover, all theſe diviſions wind themſelves 
above in a ſpherical figure, which however is 
not here very — 5 þ ſince the ariolæ or 
little beds of the diviſions, are very ſmall and 
ſmooth, On the inſide, in the hexagonal cavi- 
ties of the diviſions of the cornea, was fixed 
the glutinous matter before deſcribed, which 
was there divided in the ſame manner as the 
cornea itſelf. Under the latter appeared a 


great number of little fibres, fig. 1x. /, which 


are placed on the internal ſurface of the eye, 
in the ſame manner as the ſeeds of the plant 


turnſol are fixed in their cups. All theſe fibres, 


which ſupport the glutinous matter aforeſaid, 
are connected together by the help of a mem- 
brane of a black colour on the inſide, but 
above of a tranſparent green on account of the 
matter; I therefore call it the uvea tunica, 
The ſtructure and ſituation of theſe formed 
as it were an inverted pyramid, with its ſmall 
point turned downwards; but when I ſepara- 
ted theſe little fibres from each other, they ap- 
peared above as black as pitch, Tab. XI. fig. 
x. n, but below only of an obſcure or dark 


brown u, and pellucid in the middle 9 : all of 


them terminated at length in a gray ſubſtance, 
and under this the extremity of the optic 
nerve came in ſight. 


When I viewed theſe fibres with a microſ- 
cope, I found each of them conſiſting 55 | 
| other 


other fibres, fig. x1: 7 p, all which were com- 
poſed as it were of regular globules placed 
near each other. Between theſe little fibres 
there appeared alſo ſome ſmall membranes, 
interwoven likewiſe in ſeveral places with 
globules, between which ſome veſſels appeared 
creeping in various directions. r 
The cornea tunica, which is entirely pel- 

lucid, is very beautifully ſituated on this eye, 
and ſhews a greeniſh tranſparent uvea under- 
neath: where the eyes face each other, the cor- 
nea is beautifully divided, fig. 1x. i, and the 
cruſt is there extended further ; ſo that the 
cornea. is placed on the eye like a little cap, 
lying on the head obliquely. _—_ 

After what manner fight is performed in 
the eye of the Hermit, and what effects are 
produced by the rays of light which * 
through the cornea, and the glutinous ſub- 
ſtance, and are afterwards ſtopt by the uvea, 
and thence communicate their motion to the 

yramidal inverted fibres; this, illuſtrious Sir, 
1 to your diſcerning and moſt correct 
judgment, not doubing but you will giye me 
the ſolution of ſo peculiar a problem. 
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What I have here briefly related; Sir, 1d 


all I have been able, in this ſhort time, to 
diſcover in thoſe Hermits, which the gover- 


nor of Nyenrode ſent me in ſpirit of wine. 
I offer you theſe obſervations in token of, and 
to preſerve, our mutual friendſhip, and as an 
example of the divine miracles, which ought 
to be adored in all animals. Indeed, if we 
diligently ſearched into nature, ve ſhould for 
ever find; more remarkable and more ſtupen- 
dous miracles, which hitherto lie hidden and 
wrapped up in the clouds of our ignorance; 
I hope to be at ſome time able to go through 
an accurate examination of the Caterpillar 
kind; in which, indeed, miſery, death, and 
the grand and ſplendid reſurrection of the 
body may be ſo clearly demonſtrated, that 
we ſhall ſee them as /it were painted before 
our eyes, and muſt be obliged to cry out in 
amazement, that the great God, the parent 
of all nature, exceeds and ſurpaſſes all praiſe, 
all eulogies, and all titles of honour, in his 
miracles, which can never be deſcribed ac- 
cording to their dignity. 


D O R D B R. 


Of the natural changes, or of the ſlow accretions in the limbs and farts of Inſects. 


tural transformations in inſects, we ſhall 
now paſs to the ſecond, which, though ſome- 
what more obſcure, may yet with due atten- 
tion be clearly and diſtinctly underſtood. But 
before we proceed to explain this ſecond claſs, 
to which innumerable inſets are to be re- 
ferred, it is neceſſary to obſerve, that in this 
order another ſpecies of transformation con- 
ſtantly precedes, which is indeed common to 
the two following, which are the laſt claſſes of 
mutations. 

In order to underſtand accurately the pre- 
ceeding kinds of tranſmutation in this, as 
well as in the two laſt claſſes, we muſt call to 
the attentive reader's mind what has been 
ſaid in the beginning of this work, where 
we treated of the firſt kinds of changes ; 
that is, that ſome inſets iſſued perfect out of 
the egg, and others imperfect. As we have 
referred the inſects, which come perfect from 
the egg, to the firſt claſs of tranſmutation, it 
is very neceſſary to know, that this ſecond, 
and afterwards a third and fourth, or laſt 
claſs of mutations, precedes the completion 
of the parts in thoſe which iſſue imperfect 
in fome of their parts out of the egg. Hence 
it is, that in the firſt order or claſs of changes, 
1s peceived only one Nymph as it were, which 
we have obſerved is the egg or little creature 
itſelf, In the ſubſequent claſſes, on the con- 
trary, we ſhall obſerve as it were two Nymphs 
in the courſe of the changes, and therefore 


H ING explained the firſt claſs of na- 


two ſpecies of thoſe changes alſo ſince another 


kind of Nymph precedes the egg, or the ovi- 
form Worm ar hho Nymph. _ 

That all theſe things may be perceived the 
clearer, we muſt briefly obſerve, that a little 
Worm always precedes this ſecond and all the 
ſucceeding orders of tranſmutations. After 
this Worm has been in its egg or firſt cover in 
the form of a Nymph, it increaſes by degrees 
in its limbs, and in proceſs of. time becomes 
ſo perfect, that at length it puts on another 
habit of a real Nymph, and again becomes 
fluid like water in all its parts, and weak and 
feeble, or deſtitute of ſtrength, as it was be- 
fore, when it was in the form of an egg. 
Hence it has happened, a matter not hitherto 
obſerved, that not only the ancient errors 
concerning theſe metamorphoſes remain to 
this day, but even thoſe moſt diligent ſearchers 
into nature, the ſagacious Francis Redi and 
others, declare they haye ſeen the caſt skin, 
under which all the limbs and parts of the 
inſect increaſed ; but never doubted concern- 
ing the metamorpoſes, at which we greatly 
wonder, 1 

To ſpeak now in particular of our ſecond 
claſs of changes, it will be very proper to ob- 
ſerve, that the accretion of the parts under- 


gone in proceſs of time by the Worm, which 


is commonly found to have ſix legs, is inſen- 
ſibly and by degrees perfected by the evident 
external addition of matter; ſo that after ſome 
changes of its skin, we at length obſerve wings 
to ſprout inſenſibly out of the body, to ſwell and 


become fit to open and bloom, as a tender, 
ſmall 
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_ ſmall, ſoft, er e, eee out of a 

ant. Again, as in the © two changes, un- 
5 — ſhall ſee the Vermicles or Worms 
transformed into real Nymphs, the inſects are 
deprived of motion, and as it were of neceſſity 
lie unmoved for ſome time; ſo on the contrary, 
the inſect, under this change, advances, ſtands, 
walks, runs, leaps, and eats, nor is it ever de- 
ptived of motion, only that it reſts a little at the 
time it is to caſt its skin; and then ſtupendous 
changes happen in ſome of them, as is ſuffi- 
ciently manifeſt in the Ephemera, or Day- 
| tn others, on the contrary, the change 
is ſo inconſiderable, that it is with great diffi- 
culty obſerved, only about the protuberant 
wings, as is the caſe in the Earwig. 

Since therefore the inſets which come 
under our ſecond claſs of changes, are not at 
any time deprived of motion, and yet have 
ſome of their parts well ordered, and com- 
pounded like other Nymphs : for theſe co- 
gent reaſons we are induced to think, that the 
inſet may, at the time it exhibits its limbs 
and parts in the manner aforeſaid, not impro- 
perly be called a Nymph-vermicle ; for the 
little creature, whilſt it is and remains a real 
Vermicle or Worm, has notwithſtanding ſome 
of its parts diſpoſed, and in an admirable man- 
ner beautifully compoſed, juſt as they are in 
the Nymph ſtate. 

Our ſecond order or claſs of changes is there- 
fore thus; theVermicleor Worm having caſt off 
the habit of a Nymph, which it bore, without 


93 
food in its egg, increaſes inſenſibly by the help 
of food ſupplied from without, diſclofing many 
and more viſible parts, until it afterwards puts 
on as it were the form of another Nymph; 


but this without loſing its motion, and it after- 


wards comes out of that as a winged inſe& ; 
and having now*attained as it were the mar- 
riage-ſtate, becomes fit for generation. 


his is the ſpecies of Nymphs, to which 
we have = the ſecond place among the 
natural orders of changes, fince the mutation in 
queſtion is not very intricate, nor 1s it obſcure 
or difficult to be underſtood ; nay, it may with 
theſe rules be comprehended eaſily, and it ap- 
proaches very nearly to the firſt order or claſs 
of changes, whereſn we ſaw the creature iſſue 
immediately out of its egg or coat ; nor does it 
indeed differ greatly from that order, 

As this change is ſo clear and evident, and 
as it agrees ſo much with the budding and 
blooming of a flower, we have therefore 
thought proper to compare this, and the other 
ſubſequent changes, to this budding of plants. 
This is the more proper, becauſe, as the in- 
creaſe happens on the outſide of the creature, 
ſo it is likewiſe obſerved to happen in other 
inſets on the infide, and under the skin; 
which has been ſufficiently ſhewn in the pre- 
neg Laws and ſhall be explained more at 
large hereafter. To conclude, as this change 
is very elegant, and very worthy of conſidera- 


tion, it comprehends alſo a great many inſects 
under it. 


A catalogue of the inſefts, which are referred to the ſecond order or claſs of natural 


changes, called the 


O this our ſecond order or claſs of changes 

we refer firſt the Dragon-fly, called the 
Mordella, or Orſodæna, by Junius; by Mouffet, 
Libella; and by Aldrovandus, Perla. I preſerve 
| ſeventeen ſpecies of this genus, nine very large, 
five of a middle ſize, and three very ſmall ones, 
which, becauſe they are tender and delicate, 
are dignified by ſome under the particular name 
of Virgins. One of the ſmalleſt ſpecies is 
well deſcribed by Goedaert, but as this author 
neither delineates in its figure, nor takes any 
notice in its deſcription of thoſe ſwellings in 
the back, wherein the wings are incloſed, it is 
evident he did not know the nature or diſpoſi- 
tion of this Nymph. Beſides, the third figure 
which he gives us of it, miſrepreſents nature 
according to the fancy of an imaginary brain. 
I never could find that it has hitherto been de- 
ſcribed by any other author. Among the figures 
publiſhed by Hoefnagel, who has given us the 
delineations of ten ſpecies of the Dragon-fly, 
there is found none of the Nymphs before 
mentioned; it is certain, however, that they 
were in general not unknown to authors. We 
. find that Rondeletius knew the Nymph of the 


Nymph Vermicle. 


Dragon-fly, though he very improperly called 
it the Cicada or water Graſshopper. In like 
manner we believe that the Mordella is the 
water Locuſt of Mouffet. This is moſt certain, 
that the Forficula Aquatica of Johnſon, or 
otherwiſe the Pulex Marinus of Mouffet, is the 
true Nympha of the Mordella. The Scorpius 
Aquaticus alſo of Redi is nothing elſe but the 
Nymph of the Perla or Dragon-fly, but belong- 
ing to a ſpecies which we reckon among the 
larger Virgins. | 

f keep in my collection, ſix kinds of the 
Nymph Vermicle, from which Dragon: flies 
have their origin; there are one very large, 
three of a middle ſize, and two ſmall. I have 
likewiſe a Dragon- fly, which was to have un- 
dergone a change immediately, and in which 
one may obſerve, in what a wonderful manner 
the wings are wrinkled and folded in the tuber- 


cles on the back, wherein they are encloſed. 


I preſerve beſides the ovary of the Dragon- fly, 


which is perfectly like that of fiſh, divided into 


two parts, one whereof is placed in the right, 
the other in the left ſide of the abdomen. 


* The famous inſet, the Formica Leo, is a Vermicle of one of the Flies of this kind. This creature naturally walks back- 
ward. There is another ſpecies which moves forward ; theſe are found on land. The more frequent kinds are thoſe of the 


— Water, and they are common in our ditches. 
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The ſecond inſect which we reckon in our 
ſecond claſs of changes is the Graſshopper. 1 
preſerve one and twenty ſpecies of them male 
and female; theſe are nine larger, ſix middling, 
and as many ſmaller ones, whereof ſome are 
conſpicuous by their ſcarlet wings, others are 
cloathed in purple, others in azure, and others 
have elegant greeniſh wings. I preſerve alſo ſome 
Nymphs, ſome Vermicles, and ſome little eggs, 
from which proceed the Graſshopper and Lo- 
cuſt kinds, Amongſt the largeſt ſpecies, I have 
the great deſtructive African Locuſt, which has 
a cowled or hooded breaſt, and two very long 
legs, which, as they have hexagonal thighs, are 
rovided alſo with a double row of ſerrated and 
E teeth; the internal wings glitter with a 
deep purple colour. This belongs to thoſe 
ſpecies, which do not ſhew their colour except 
when they are flying. I have alſo the Locuſt 
* the Molucca iſlands, which Dr. Padbrugge 
ent me. It has a very ſlender body like the 
Cavallucus of Redi, and the tail is bent down- 
wards. Its wings are long, and of various beau- 
tiful colours like the Peacock. The neck is 
of uncommon length, and ſupports a ſhort head. 
That gentleman ſent me alſo a figure of the 
Molucca Bruchus, or Grub, the body whereof 
is as big and as thick as a Hen's egg, and is 
beautifully interwoven with veins like ribs, but 
the legs are very ſhort in proportion. I pre- 
ſerve with theſe 'the Span 
differs from the African only in its ſize, except 
that the veins in its wings are diſpoſed in a 
different manner, and the colour is reddiſh, I 
- have alſo. the African Locuſt with ſhort legs, 
and ſhort thick horns, wherein one may, in a 
remarkable and diſtin manner, ſee the pro- 
minent eyes. Among the middle ſpecies I pre- 
ſerve the Mantis or divining Locuſt, which 
was likewiſe brought from the Molucca iſlands. 
Of this authors invent many idle ſtories ; one 
is, that when it is aſked the way by travellers, 
it ſhews it. This little creature is reckoned 
6 of ſuch a divining nature, ſays Mouffet, that 
« when a boy asks for the way, it ſtretches its 
e foot forward and ſhews it, and is ſeldom or 
never miſtaken.” The other Locuſts that I 
preſerve are of the middle fize, and moſtly 
french; they are adorned with a wonderful 
variety of colours, as with ſo many new- 
faſhioned garments : hence they pleaſe the eye 
greatly with their natural ornaments, but they 
do not ſhew their colour except when they 
fly. | 
"i is remarkable what ſmall difference there 
is between the Worm or Nymph Vermicle of 
the Locuſt, and the Locuſt itſelf: this conſiſts 
only in one thing, that the wings, which in 
the Locuſts are expanded and ſpread over the 
body, are on the contrary encloſed in the 
Nymph, in four little cluſters, wherein they 
are quite folded into each other, in like manner 
as in the Worm of the Dragon-fly. It was 
this folding and ſeparating of the wings, that, 
in my opinion, made Ariſtotle, Pliny, Hiero- 
nymus, Aldrovandus, Mouffet, Johnſon, and 


3 


iſh Locuſt, which 


The BOOK of NATURE; o, 


other curious ſearchers into theſe ſecrets, call the 
aforeſaid Vermicles of Locuſts, featherleſs or un- 

fledged Locuſts and Bruchi. The ſame creatures 

they afterwards, when their Wings to 

ſwell, called Attelabi z and to theſe, when by 
the increaſe of the bulk of their bodies, eſpe- 
cially theſe of the females, they began to hop 

ſlowly, but were not yet able to fly, they pave, 

not to mention many other names, appel- 
lation of Aſelli. The word Attelabus properly 

ſignifies the Nymph of the Locuſt when able 

to walk. We ſee ſeven ſpecies great and ſmall 
of theſe Nymphs, out of which the Locuſts 
iſſue. In the figures of the induſtrious Hoef- 
nagel, which exhibit fifteen ſpecies, we like- 
wiſe ſee there a delineation of the Nymph Ver- 
micle of the Locuſt, When I conſider all 
theſe experiments, I cannot imagine for what 

reaſon Goedaert ſhould write, that Locuſts had 
their origin from a Chryſalis; fince Aldrovandus 
and Mouffet, and all other authors make men- 
tion of unfledged Locuſts, and their opinion is 
ſupported by, and agreeable to, experience. 

I preſerve alſo a three-fold ſtomach of a Lo- 
cuſt, which is very like the ſtomachs of ani- 
mals that chew the cud, and particularly has 
that part of the ſtomach called Echinus, very 
diſtintly viſible. I do. not therefore doubt 
but Locuſts chew the cud, as well as the ani- 
mals juſt mentioned: indeed, I perſwade my- 
ſelf that I have ſeen this. | | 

I have likewiſe in my poſſeſſion, the oblong 
eggs of Locuſts and their entire ovary, which 
is interwoven with filver-coloured filaments, 
which are doubtleſs ramifications of the aſpera 
arteria, and alſo with veins and arteries. But 
the eggs are all as it were horny, and of a brown 
colour: many of their firſt rudiments alſo being 
white and yellow, and covered with a thin coat 
or skin. I preſerve theſe in particular cells in 
my cabinet. £6 

The female Locuſts are furniſhed with ſharp 
tails, which the males have not. Accordin 
to. Aldrovandus, they pierce the ground with 
theſe tails, and bury their eggs under it. I can 
demonſtrate this tail to be quadruple, nay, quin- 
tuple. 

I preſerve alſo the teeth of Locuſts, and the 
coat or skin which the Nymph Vermicle caſts, 
when the wings of the Locuſts begin to ſwell. 
No man can form any idea, by what means a 
very thin skin 1s then ſeparated from the long 
and ſmall horns of the Locuſts ; nay, and from 
the eyes and teeth, and the ſharp-pointed claws. 
In this period the Locuſts are fo ſoft and deli- 
cate, that their legs may be bent like wax, 
and formed into any figure, and in that condi- 
tion may be dried and preſerved. 

I have alſo wings of Locuſts which I ſtopped 
in the act of their excluſion; fo that by this 
means one of their extremities is diſplayed or 
rolled out, and the other ſtill folded together 
and wrinkled. With theſe wings the Graſs- 
hoppers and Locuſts, when they have gone 
through their change, make that crackling noiſe, 
as Ca 22 has very juſtly obſerved, We alſo find 


that 
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that the males of Locuſts only make this noiſe, 
not the females: indeed ſome ſpecies make this 
noiſe with their wings only, and others by 
ftriking their wings and 1 - 
The Locuſta Pulex, or Flea Locuſt, follows. 
This little creature is found hid in that ſpumous 
matter, which we ſometimes ſee lying indiſ- 
criminately on the ſurface of all kinds of plants . 
In this ſpume + it acquires in time four 
tubercles on its back, wherein the wings are 
encloſed. I have two ſpecies of this inſect, 
and it was likewiſe known by Mr. Ray, -who 
deſcribed the plants growing about Cambridge. 
It has not teeth like the Locuſts, but has 
only a ſubtle ſharp-pointed proboſcis or trunk, 


like Graſshoppers, on its breaſt, | 
We refer alſo to this ſecond claſs the Gryllus 


Sylveſtris, or wood Cricket ; in which inſect 
we alſo obſerve that the male only ſings, or 
makes a noiſe. I remember that I once ſaw a 
whole field full of theſe linging Crickets, each 
of which had dug itſelf a hole in the earth, 
two fingers deep, and then fitting at the en- 
trance thereof, they made a very diſagreeable 
noiſe with the craſhing and tremulous motion 
of their wings; when they heard any noiſe 
they immediately retired, trembling, into their 
little caverns. 

The houſe Cricket is the next to be reckoned 
in this ſecond claſs; ſince this, like Locuſts, 
has alſo its wings encloſed in little caſes, as long 
as it remains in the habit'of a Nymph. | 

We likewiſe rank the common Graſshopper 
in this claſs. For although the larger Graſs- 
hoppers are not found in our part of the Ne- 
therlands; we, notwithſtanding, by inference 
from the leſs to the greater, refer them to this 

; and the rather, becauſe the very diligent 
Aldrovandus hath left us a delineation of this 
Worm, with its tubercles on its back, wherein 
the wings like a flower in its cupare encloſed ; 
as this Worm is called Tettigometra by him, 
it is the real Nymph of the Graſshopper. I 

reſerve a very rare and curious exotic Graſs- 
Los the head of which is formed like a 
long and deep epiſcopal mitre, ſo that it ap- 
peared four fifths of an inch above the eyes, 
exhibiting us a wonderful work of God in the 
theatre of nature. We muſt alſo obſerve again, 
that the male Graſshoppers only can ſing, and 
we can ſhew their tympanum, and allo the little 
part that modulates or tunes the voice, or im- 
pels the air againſt the tympanum. 

The Gryllo Talpa or Mole Cricket, or the 
Talpa Ferrantis Imperati, likewiſe belongs to 
this claſs; ſince, like the inſects hitherto deſ- 
cribed, it has four tubercles on its back, where- 
in the wings are encloſed. We have the Worm 
of this inſet with and without tubercles, as 


' is likewiſe repreſented in fig 


95 
alſo the inſets themſelves, with their Wings 
diſplayed. The induſtrious Goedaert/ has deſ- 
eribed the egg of this inſect. We can alſo 
ſhew its teeth, and the manner wherein the 
wings lie complicated in their tubercles. 

In this I alſo reckon a little creature, which 
is found in the tubercles of the leaves of the 
black poplar, though I might have deſcribed 
it in the fourth order or claſs, becauſe it has a 
more ſecret method of changing. It is deli- 
neated in figure xx1v. of Tab. XLV. To 
this order I likewiſe refer another inſect, which 
VII. of Tab. 
XLIV. and is found in the tubercles or ſwellings 
of willow trees. | 

The next we exhibit is the Indian inſect, ſuf- 
ficiently known by the name of Kakkerlak, 
which we think likewiſe belongs to this ſecond 
claſs, As we have obſerved the tubercles before- 
mentioned in its wings, though not having 
attained their full bigneſs their wings did not 
appear perfect; for the ſame reaſons, we think 
we ſhould refer to this order that ſpecies of 
Beetles which are commonly found about 
bakers ovens, and, according to Fabius Co- 
lumna g, in kitchen dirt. They agree alto- 
gether with the inſects juſt now mentioned, 
called Kakkerlak, and are the fame that are 
deſcribed by Mouffet under the name of Blattæ. 
We preſerve two ſpecies of them, together with 
their Nymphs, wherein the tubercles ſcarce 
began to ſwell. : 

Next follow the flying or land Bugs, , which 
we find in fields and trees. I preſerve twenty- 
ſix ſpecies of them in my muſeum, together 
with a larger Indian one, which are very beau- 
tifully adorned by nature with variety of co- 
lours ; and as with their luſtre and gaiety they 
wonderfully pleaſe the eyes, ſo they are very 
diſagreeable to the ſmell. Hoefnagel alſo has 
figured eleven kinds. Among theſe which are 
in our cabinet, we reckon the cruciate, the 
ſcarlet, the red marked with black lines, the 
green, the black, the yellow, the globular, and 
that which has a ſharp-pointed breaft. 

To this claſs we likewiſe refer the flying 
water Cimices or Bugs, of which we preſerve 
four full-grown ones, and one Nymph. Theſe, 
like all the reſt, carry their weapon in their 
mouth, and ſting vehemently. therewith, as I 
have ſometimes experienced myſelf, though I 
ſuffered no injury thereby, 

We refer alſo to this order or claſs ſome in- 
ſects that are very tender and ſlow-paced, hav- 
ing ſix ſlender and admirable legs, and long and 
acute horns, and a conſiderable thick body; 


from the hinder part whereof, about the tail, 


ſpring two briſtly and ſharp-pointed hairs, and 
ey have likewite a ſharp ſting, as the Cimices 


* This is a ſpecies of the Cicada or Cigale. The characters of that genus are very obvious on it they are, that the beak is 


under the breaſt, and is bent downwards ; 
ciſe, the breaſt cylindrical, and the legs made for hopping. 
their tranſlators render Graſshopper, is of this genus. 

+ This ſpume is not exſudated, as ſome ſuppo 


e antennz or horns very ſhort; the wings four, and placed croſs-wiſe, the back con- 
The Cicada of Italy, whick the Roman poets mention, and which 

e have alſo one on the roſe, and others on various buſhes. 

ſe, from the plant, but from the mouth of the animal; and if it be well 


wiped away, without injuring the creature, more will. be immediately ſeen iſſuing out of its mouth, till there is as large 4 


quantity of it as before. 
+ Obſ. aq. et terr. 


or 
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or Bugs, ſo that they ſeem likewiſe to belong 
to that genus. I could never hitherto obſerve 
theſe little creatures to change: but they are 
found on various plants, and there become often 
immoveable:; Laſtly, I preſerve a very ſlender 
kind of Fly, which firſt iſſues from a Worm 
which was in the body of that creature, tranſ- 
formed into a NN of the third claſs. But 
if this Fly creeps out of the body of this inſect, 
after preparing a paſſage for itſelf through a 
ſmall hole which it makes with its teeth, then 


all the body is hollou, and the dead inſect re- 


mains in the fame ſituation as if it were ſtill 
living v. Theſe little creatures, hitherto not 
accurately enough examined, are improperly 
called the Lice of plants. I have ſome of them, 
and alſo the flies that come from them. 

We likewiſe place in this order the water 
Tipula, of which I preferve many ſpecies, and 


one of the Nymph. _ Theſe inſets are worthy - 


of the greateſt attention, on account of the 
wondertul lightneſs wherewith they run on the 
ſurface of the water. They have an aculeus 
or ſting, like Bugs, in their mouth. I preſerve 
beſides another ſpecies of this inſect, which is 
of a wonderful delicacy, and of a very ſingular 
ſtructure, and very ſlow-paced. 

In like manner we inſert in this claſs the 
water Scorpion, which has alſo an aculeus or 
ſting in its mouth. I preſerve two ſpecics of 
it, the larger whereof is deſcribed by Aldro- 
vandus under the name of the water Tipula, 
and the leſs by Mouffet retaining the name 
of the water Scorpion. I have a Nymph of the 
ſmaller ſpecies, in which may be ſeen how 
the wings bud or diſcloſe themſelves by de- 
grees, as is the caſe in the Nymphs of the 
Dragon-Fly in this ſame claſs. | 

The common water Flies are likewiſe of 
this order. Of thoſe I preſerve four ſpecies, and 
we have often ſpoken of the Nymphs and 
Worms out of which they iſſue when ſmall. 
Theſe, like other water inſects, likewiſe have 
their ſting in their mouth, and they defend 
themſelves therewith, whenever they are at- 
tacked or taken. Theſe Flies are called am- 
phibious Bees by Aldrovandus, and are v 
accurately deſcribed by him. They are alſo 
called wild Bees by Johnſon : nor do I doubt 
but theſe are the ſame with the Marine or Sea 
Bee, which has been deſcribed by Dr. Piſo, and 
is now in the poſſeſſion of Vander Linden, doctor 
of phyſic; but it appears to be nothing elſe but 
a piece of ſponge. The learned Mouffet calls 
theſe Flies Notonectæ, becauſe they do not ſwim 
on their belly, but on their back; and he ſeems 
to have likewiſe delineated the water Bug among 
the Notonectæ, ſaying, that it is probable men 
learned the art of ſwimming on their backs 
from them. How far this may be admitted, 
let others determine. | 


Ass all the inſets hitherto enumerated have 
wings, ſome of them flying in the day-time 


and others at night, it is eaſy to conceive that 

they may be very ſpeedily generated in all 
ing waters. And therefore in ſummer- 

time a kind of trembling motion is 

obſerved to be excited even in the ſmall 

ditches of water by the motions of inſects. But 


we ſhall ſpeak of theſe matters more at large 


in their proper places. eg 9 
Laſtly, we likewiſe refer the day W 
mera, to this order: its eggs and ovary, 


is like that of fiſh, we preſerve in our cabinet. 


We alſo have in our poſſeſſion the Worm and 
Nymph Vermicle, and alſo the era it- 
ſelf, both male and female. We can from theſe 
objects demonſtrate how the wings are. rolled 
and folded in the tubercles of the Nymph Ver- 
micle, for there is an admirable difference be- 
tween the folds of theſe wings, and the com- 
plication of the wings of the Dragon Fly. We 
alſo obſerve the like difference, with reſpect to 
the diſpoſition of the wings in other inſects, as 
will be ſhewn from our particular obſervations, 
to the praiſe and glory of the moſt admirable 
Creator. After this, we ſhall in its place, from 
the courſe of our experiments, aſſign a reaſon, 
why the wings in theſe inſets are diſpoſed in 
ſuch a particular manner, the Ros AE: of 
which will doubtleſs be acceptable to 
reader. \ F 

I preſerve likewiſe the one day Flies, fixed in 
ſuch a poſition, that it is very eaſy to perceive 
the method whereby they caſt a very thin skin 


like a ſhirt from their whole body, which is 


wonderful to look upon, and difficult to be 
expreſſed in words. At one end of this skin 
they roll or turn themſelves out, as the foot is 
taken out of the ſhoe, and at the other end they 
turn it off in the ſame manner as a man takes 
off his glove by turning the inſide outwards. 
All this will become evident, when we de- 
ſcribe our particular obſervations on this ſtu- 
pendous miracle of the Netherlands, and what 
we have remarked concerning the uncommon, 
very ſwift, and as it were horary changes of 


ery this little creature; that they may afford perpe- 


tual matter of meditation on the incomprehen- 
ſible wiſdom of God, and regular order of na- 
ture. In the mean time, we think what Dr. 
Augerius Clutius hath not ſcrupled to affirm, 
very improbable; and that is, that the Ephe- 
mera, or day Fly, is produced from a Chryſalis, 
and he has likewiſe exhibited the figure of this 
Chryſalis contrary to all truth. We obſerve 
that its figure is ſubjoined or added alfo to the 
track of Goedaert ; but theſe are delineated upon 
the ſuggeſtions of a weak fancy. This will be 
very evident, when the_ inſects themſelves, 
which the learned Andrew Colvius ſent us, are 
compared with thoſe figures. 


Since the time of this writer, Reaumur has with great judgment and knowledge written of many of theſe creatures. 


They run about the branches of trees and ſhrubs, while ſmall, and when they have paſſed part of their lives thus; they remain . 


immoveable for the ,reſt, and their bodies become only a kind of covering for numerous genus. 'That author calls them gall 


inſeQs, and progal inſets. The Kermes and Cochineal are of the ſame kinds. | 
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l have in my poſſeſſion ſeveral ſpecies of the 
kphemerus collected, in Franceand other places; 
among which I can ſhew the leaſt ſpecics of 
Hemerobius or Ephemerus, called in 
tch Mut; the wonderful changes whereof I 
have as a matter of the higheſt ſpecula- 
tion; to the moſt noble Thevenot, the illuſtri- 
ous patron of all our ſtudies, in the road that 
leads from Amſterdam to Sloten. 

Before we conclude this order, we ſhall refer 


inſets that we have hitherto deſcribed, which 
are excluded from their eggs under the form 
of a Worm, and in proceſs of time are aug- 
mented or increaſed into Nymph-Vermicles and . 
fo on. Nor can we ſufficiently wonder that 


this order of change has not been hitherto ob- 


in to declete this 


ſerved or repreſented to our knowledge by any 
perſon. So that upon conſidering how little 
the | naturaliſts have taught us concerning theſe 
creatures; we are obliged, not without ſhame; 
to confeſs, that they were wholly ignorant of 
the nature of moſt inſets. For, if we may 
expreſs the matter as it really is in a few 
words, the names only of the ſaid inſets are 
mentioned in the 'books of the naturaliſts, 
and-if you except theſe; nothing remains but 
the fall and imaginary inventions of a dream- 
ing and chimerical brain. As I am not afraid 
ly, I would always ex- 
cept the induſtrious Goedaert, who has faith- 
fully delineated, and, in ſome meaſure; accord- 
ing to truth deſcribed the changes of the Ca- 
terpillar kind; as alſo the moſt accute Redi, 
who has, by irrefragable arguments, proved; 
that no creatures are produced by putrefaCtion 
and laſtly, ſome accompliſhed Engliſhmen, the 
chief of whom are John Ray and Mattin Liſter: 


An example of the ſecond order or claſs of natural changes, which I call the 
IVymph-Yermicle, in the Dragon-Fly: 


No. IT EXHIBIT here, Tab, XII. the 
be Vermicle or Worm of the Dragon- 
Fly, as yet lying in its firſt coat, in which, 
when encloſed; it is called an egg. Many 
of theſe eggs, placed near each other in the 
ſame manner as they are ſituated in the di- 
vided ovary of the Libella, I here exhibit de- 
lineated to the lifes This ovary perfectly 
agrees with that of fiſh, eſpecially that of the 
Herring, and conſiſts in like manner of nu- 
merous.eggs, which are of an oblong figure, as 
may appear from thoſe diſperſed here and there 
in this figure. The eggs encloſed in this ovary 
are at length thrown into the water by the pa- 
rent inſet, out of which afterwards iſſue many 
ſmall Vermicles with fix legs; and theſe havin 
attained the full period of their growth, cat 
their skins, and becomes ſo many Dragon-Flies, 
like the parent. | 

II. To ſhew the method wherein this hap- 
pens, I have likewiſe, for the fake of order, 
delineated to the life the coat of the egg out 
of which the Worm of the Fly has — its 
way. | | | 
III. Iafterwards in the third place, ſhew the 
Vermicle or Worm from which the Dragon- 
Fly is produced, by the power of accretion 
alone, but I have not delineated it ſo ſmall as 
it is when it comes firſt out of its egg, but 
ſomewhat larger, and in the form it has when 
it has been fed for ſome time. I ſhew its eyes, 
together with two prominent horns in its head : 
in the breaſt underneath are obſerved fix ſhaggy 
legs, each of which is divided into four joints; 
and the extreme joint of each is furniſhed with 
two claws. The belly is divided into ten rings, 
the laſt or loweſt of which has ſome brifly. 
rigid and prominent little points, It is agreeable 
to obſerve in this Worm how its limbs come 


* 


imperfect out of the egg, which is likewiſe a 
property of the Vermicles of the third and fourth 
order or claſs of tranſmutations, as ſhall be 
afterwards ſhewn in its proper place. And 
it is for this reaſon I call the little crea- 
ture, whilſt it remains in this imperfe& form 


in the egg, an oviform Nymph-Vermicle, 


as I have explained more, at large above; 
and this ' obſervation I would have inculcated 
and underſtood once for all, in the courſe 
of the ſubſequent orders, as I ſhall repeat it 
no more: ; 5 | 

IV. I repreſent this Vermicle ſomewhat 
older, ſo that about the end of the thorax, 
where that part is connected with the belly, 
four membranous buds or follicles like flower- 
cups are obſerved to ſpring, ſwell, and as it 
were branch out of the body : theſe four fol- 
licles or membranous bags contain the wings, 
which increaſe in the ſame manner as the cups 
of plants and trees do with their flowers and 
fruit. But if any one ſhould at this period 
diſſect theſe bags, he would find nothing in 
them but a watry humour or ichor, . becauſe 
the- wings, too tender yet for light, have not 
acquired their ſtrength and perfection, in the 
ſame manner as in the cups of flowers and 
fruits when they are firſt diſtinguiſhable, no- 
thing is found but a moiſture or clammy 
liquor. ; ; 

V. I afterwards demonſtrate-this little crea- 
ture in the ſtate wherein it has attained its 
full bigneſs, together with its four bags or fol- 
licles, which are conſpicuous on its back, an 
are increaſed to their due ſize ; at this time 
find the wings perfect in them, but folded in 


* 


each other; nay, we may likewiſe obſerve all 


the colours and varieties of piging of this 
creature now tranſparent through skin: 
Cc where- 
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Vermicle or Worm, and has ſome of its parts 
encloſed in a skin and deprived of motion, like 
a Nymph of the third order ot claſs,” I have 
called it in this you a N Vermicle. 
In what manner this Nympli caſts its «kin, is 
ſhewn in the ſecond figure, Tab. XIII. fig. 11. 

VI. Laſtly, I exhibit the ſame Vermicle 
as it is when arrived to its laſt degree of per- 
fection; in which "form it is called the Perla, 
Libella, or Dragon-Fly, and by increaſing be- 
comes a perfect creature, becauſe it has ac- 
quired its full age and is now fit for generation. 
As at firſt it was a creeping and (wimming 
Worm, it is now become a flying Worm or 
inhabitant of the air. Moreover, its change, 
or properly the accretion and expanſion of its 
parts, is, with reſpe& to its eyes, wings and 
tail, extremely admirable, but the legs undergo 
no change. | 

I firſt obſerved theſe Worms, out of which 
the Dragon-Flies are produced in the river 
Loire at Saumur, behind the houſe of the very 
learned Dr. Tanaguil Faber, whoſe gueſt I had 
then been, and who likewiſe greatly loved to 
ſearch into ſuch natural miracles. I afterwards 
found them in many other freſh rivers, ſmall 


. pools, fenny ditches, and other ſtanding waters, 


and in ſome places in ſuch great numbers that 
the whole bottom was as it were planted with 
them. They can both creep and ſwim, but 
they do not move ' ſwiftly, They have like- 
wiſe a ſharp fight, and they immediately throw 
themſelves to the bottom, if any one comes to 
the places wherein they live, or when they 
perceive the leaſt uncommon object, Their 
food is ſoft mud, and a fine earthy ſubſtance ; 
wherein they live. They are produced by the 
Libellæ or Dragon-Flies, for theſe are likewiſe 


uſually about waters, and in thoſe places per- 


form in a very wonderful manner the buſineſs 
of generation. Numerous Dragon-Flies are 


likewiſe found in the fields and foreſts, where | 


there are numerous ſmaller Flies; for, like birds 
of prey, they hunt after and deyour the latter 
in the air, | 

If the eggs which the Dragon-Flies throw 
into the water be examined with a microſ- 
cope, they appear of an oblong figure, Tab. 
XII. fig. 1. and in the fore part terminate in 
a point: in this part they are alſo adorned 
with a kind of little cups, with protuberant 
points, ſomewhat reſembling the cups which 


wie have delineated in the Nit or Louſe's egg, 


and they are blackiſh in the extreme fore end. 
At the hinder part the egg terminates in an 
oval form, and has a glittering ſurface; beſid 
this it has nothing ſingular in it. 
When the Worms which iſſue out of theſe 
eggs have grown to the form of a Nymph- 
Vermicle, they then remove out of the water 
to a dry place, as into the graſs, to pieces of 


wood, or a ſtone wall, or any thing elſe they 


meet with; and therein firmly fixing the acute 
claws, Tab. XII. fig. II. 4 4, of their legs, they 
continue immovable a very ſhort time. It is 


chen obſetved, chat the kin firſt opens in theft 
head and back; and out of this opening they 
exhibit to view their real head and eyes &, and 
at length their ſin legs cc; whilſt in the mean 
time the hollow and empty $kin or flough of 
2 remains firmly fixed in its place; after 
this the encloſed creature forward by 
degrees, and by this means draws firſt its wings 
and then its body out of the kin and procœed- 
ing a little further, fits at reft ſor ſome time 
as if immovable; In this tirne its wings 
begin by degrees to expand- themſelves; and to 
make ſmooth and even all their plaits and folds. 
The body is likewiſe inſenſibly extended, until 
all the limbs have obtained their juſt fize and 
igneſs. As all theſe things are perſected by 
the force of blood and circulating humours, 
and by the aſſiſtance of the ait impelled by reſ- 
1 „the creature cannot the firſt moment 
fly, and therefore is forced to ſtay in the ſame 
place, until all its limbs are dried by the circum- 
ambient air and fun. Thus the Dragon-Fly 
enters upon a more noble life than that it had 
hitherto led in the water, for in the latter it 
was obliged to live in miſery, creeping and 
ſwimming flowly, but now it wings the air. 
Itis very ſeldom that theſe changes of inſects 
are preſented to view. by nature, and it hap- 
pened by mere chance that I obſerved them 
for the firſt time: one of theſe Vermicles ad- 
hered to a ſtone wall in the river Loire, and it 
was ſo ſoftened by the waves daſhing againſt it, 
that it could only half perfect its / change, fo 
that I took it partly free, and partly yet fixed 
in the skin. I once afterwards faw this cha 
in the large kind of Dragon-Fly, which had 
crept to land out of a ſmall lake, and caſt its 
skin fitting in the graſs. In the ſmalleſt Dra- 
Flies, which are very numerous in Holland, 
and of which Goedaert has deſcribed the muta- 
tion, it is not ſo difficult to diſcover this mat- 
ter, as I have long ago ſhewn it to many, and 
the reſt to Dr. Matthew Slade. 
Another thing worthy of obſervation in theſe 
creatures is, that they muſt hunt and ſeek after 
their food flying in the air, for which purpoſe 
nature has given them two large eyes, which 
make almoſt the whole head, and are like glit- 
tering mother-of-pearl. They have moreoyer 
four remarkable membranous filver- coloured 
wings, with which, as with oars, they can turn 
themſelves like ſwallows with a prodigious 
velocity to all parts of pt air. But to this 
he very long tail that they have is alſo condu- 
ive, for with this they ſteer and govern them- 
ſelves with great art, and prepare themſelves a a 
certain path through the air. Mouffet, who 
erroneouſly afferted, that theſe creatures were 
produced from rotten bull-raſhes, ſpeaks how- 
ever very rationally of them, when he fays : 
* They form one of the greateſt beauties in all 
nature, being ſuperior by far to all art.” 
The eyes of the Dragen-Fly are of a reticu- 
lar ſtructure, and are divided by a double 
ſeries of interſections, as I have deſcribed in 
another place. Within the mouth are to be 
ſeen 
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when they want to | 
ich they ſeize with their ſix legs 


are fixed to the ſhoulder blades, exhibits a large 
number of muſcular fibres, which ſerve to move 
the legs and wings: Through theſe fibres paſs. 
the heart,  gullet, and ſpinal marrow, 
greateſt part of which are placed in the loins and 
belly. But as I have not hitherto perfected the 
exact anatomy of theſe creatures, I cannot ad- 
Vance more particulars concerning them, 
The ſtomach is ſhaped like a pear ; I have once 
ſeen it full of food, and at another time full of 
air. The pulmonary veſſels are likewiſe nu- 
merous here. One may likewiſe diſtinctly ſee 
the muſcular fibres, which I never ſaw agitated 
with any remarkable motion. 

The male hath its penis placed about the 
beginning of its belly, the female on the con- 
trary has the orifice of the vulva, in the extre- 
mity of her tail ; but I have not accurately 
viewed theſe | 
diſſections, I ſhould have taken out the entrails 
of theſe inſects firſt, that I might preſerve 
the whole form of their bodies. This may be 
ealily done, if one takes out the viſcera, and 
afterwards ſprinkles the parts, which are ſtill 
wettiſh on the inſide, with plaiſter of Paris, or 
unſlacked lime, which imbibes the moiſture, 


they tail; breaſt, and eyes, may be p 


ery 5 
The thorax, on the inſide, where the wings 


= 


parts, ſince, in order to make the 
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By this means a very elegant ſpecimen of the 
8 preſerved; and 
this contrtvance is likewiſe made uſe of by 
painters and engravers. There is upon all theſe 
occaſions a neceſſity for a cautious and tircum- 
ſpe& dexterity, which cannot be acquired but 
by frequent exerciſe, and is not to be taught 
y words. Nn 7 

17 hough the Dragon; fly is, in every reſpect; 
a wonderful creature, and has its genital organs 
placed in a very fingular manner in its body } 


its act of coition in particular exceeds or ſur- 
paſſes all the powers of our irtiagination. The 


male, fluctuating and riſing up and down in 


the air; and cutting it with many convolutions, 
knows how to ſtretch or hold out its tail with 
wonderful velocity to the female; Tab. XII. 
III. 4, Who places it between the diviſion 
f her head and eyes, and guides it into her 
neck, and then, clofely embracing it with her 
legs, receives it very pleaſingly ; then ſhe im- 
mediately bends and turns her body toward the 
breaſt of the male c, where the maſculine or- 
gans of generation are placed near the upper 
part of the belly; and thus continually flying 
and panting, they perform the buſineſs of coi- 
tion in the air. By this means the extremity of 
the female's tail is bent back, towards the mid- 
dle of the male's body, that is toward that part 
where the penis lies, which is received by the 
vulva of the female, placed in the top of her 
tail; but that the female may the more conve- 
niently reach to that part, the male ſhortens 
himſelf as it were, and bends and contracts his 
tail conſiderably. | 9 5 
The female being thus impregnated, after 
ſome time dips her tail into the water, and 
throws her eggs into it. Theſe eggs; as I have 
already obſerved, are oblong, and while they 
are ſmall and imperfect, they are ſomewhat 
tender and whitiſh, but afterwards they by de- 
grees grow hard and yellow, having a blackiſh 
point at their end. How long ſuch an egg 
remains in the water before the Wortn is pro- 
duced from it, is as much unknown to me, as 
how long it is increaſitfg from that time until 


it changes its skin; but I ſhould think two 


years are neceſſary for this purpoſe; ſince I have 
obſerved that theſe Worms were at the end of 
the ſummer very far from a ſtate of perfection: 
I have ſometimes ſeen in France ſo great a 
number of them in a clayey ditch that had no 
water plants in it, that they covered the whole 
bottom. 


07 the various ſpecies of the Nymiph-Vermicles of the Dragon- Fly: 


As I have obſerved in the general enumera- 
tion of theſe creatures, that I kept fix of 


the Nymphs, one of which I have before de- 


lineated, Tab. XII. N“. v. I ſhall now repre- 


ſent and briefly deſcribe four others. The firſt 


belongs to one of the largeſt Dragon-Flies, in 
the head whereof are obſerved two equal, but 


not reticular eyes, fig. 1v. aa ; before theſe 
are placed two horns 5 b, and under the latter 
may be ſeen the three diviſions of the mouth; 
whereof the two upper are provided with teethc, 
which may be moſt properly called ſo, only I 
think them too delicate and tender. Underneath 
at the breaſt are ſituated ſix legs, which have 

twa 
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two ſharp claws dd at their extremities, and 
are variegated with green, yellow and other 
coloured ſpots. In the upper part of the back, 
under the ſhoulder-blades, may be ſeen very 
diſtinctly four membranous cups, wherein are 
encloſed ee the wings folded into each other; fo 
that it is hard to underſtand how or by . what 
means ſuch ſtrong, broad, long and remarka- 
ble wings as the largeſt Dragon-Fly has, eould 
be contained within ſo narrow a compals. 
But this matter will be eaſily underſtood by 
any perſon who attentively conſiders what a 
large number of leaves lie folded up in the 
globulaf cup of the double poppy; for the 
wings before mentioned agree very well with 
thoſe leaves in the manner of their lying. 

The abdomen is divided at the margin of 
the belly into various ſharp and rough divi- 
ſions . 2 the rings whereof are, where they 
branch out, adorned with many tranſparent 
colours. The tail is divided as into five parts, 
which, whilſt the little inſect lives, reſemble 
ſo many pyramidal rough prickles or ſtings g, 
each of which caſts it ſkin, when the Nymph 
aſſumes the form of a Dragon-Fly : theſe 
ſerve principally to cloſe up the fundament, 
and are likewiſe an ornament to the hinder 
part of the body. But in the males they have 
another uſe, that is, to keep the creature in 
coltion firmly fixed to the head of the female, 
and join themſelves with the neck of the lat- 
ter, as I have exemplified in the third figure 
of the middle Libella, Tab. XII. fig. 111. In 
my laſt obſervations I alſo remarked, that the 
branches or ramifications of the Aſpera Arteria 
likewiſe ſhed a coat or ſkin: and in this re- 
ſpect it agrees with all other ſpecies of Nymphs, 
and with the Worms and Caterpillars of But- 
terflies and other inſets. 

The other Nymph Vermicle that I exhibit 
is likewiſe of this ſpecies, from which the 
middle Dragon-Flies are produced. 
thoſe parts I have before ſhewn in the largeſt. 
The lips only and teeth are placed in a diffe- 
rent manner, and are obſerved to be longer, 
fig. v. a, though they may be likewiſe length- 
ened or drawn out in the largeſt Nymph. 
The legs alſo are ſhaggy 5; the follicles or 
bags are likewiſe diſtinctly ſeen on the back c, 
as well as the ringsof the abdomen, and prickles 
or ſtings in the tail d. I found the former 
largeſt Nymph in a ditch upon ſome water 
plants, after it had firſt crept into the graſs 
and caſt its ſkin. In the Nymph juſt now 
deſcribed the wings were ſo perfect, that they 
might be ſpread open or diſplayed in the 

and, 8 
The third ſpecies I exhibit is not found in 
Holland, except in the diſtrict of Utrecht. 
I firſt found this Nymph on the other fide of 
Paris in the river Seine, where many ox skulls 
had been thown into it, and theſe being filled 
with mud afforded the Nymph habitation and 
nouriſhment. I likewiſe found there many 
river Hermits, which probably prey upon theſe 
and the like inſects. This is probably the little 
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creature that Redi calls the Marine Scorpion; 
and delineates without follicles ' or bags of 
wings, becauſe he had not ſeen it completely 
Of the ſame nature with this inſect 
is alſo that which Rondeletius calls the Mar- 
teau and river Libella. In the head of this 
inſe& are likewiſe obſerved two eyes, without 
divifions ; before which are two articulated 
horns or antennæ, fig. vi. 4. It has fix legs, 
which are long enough for the bigneſs of t 
body 55. The four bags or follicles annexed 
to the ſhoulder-blades ' are preſſed together 
cloſe and even; and are beautifully marked, 
Tab. XII. fig. vi. cc, with intercurrent veſſels. 
The body is divided into rings, and is all over 
briſtly d. The tail was painted with green 
and yellow, and divided as into three trian- 
guar appendages e. This little creature ſwims 
aſter than the former Nymph ; but the Fly 
again iſſuing from it, has a flower motion, and 
prides itſelf in very beautiful wage which are 
variouſly painted, according as theſe Nymphs 
differ among themſelves. Whoever attentively 
views the wings of this Dragon-Fly; will ſee 
that their nervous diviſions are much cloſer 
than in the wings of the largeſt and middle 
« nay, this differs from them in this, 
at it folds its wings like the diurnal Butter- 
flies, when it lies any where to reſt. L 

I have a Spaniſh Dragon-Fly, which has 
ſharp pointed wings, and therefore differs from 
all others; for the wings of ours are for the 
moſt part oval, and terminate in a roundiſh 
extremity. It has likewiſe very large hairy 
horns or antennæ. I have myſelf delineated 
to the life another kind of Dragon-Fly ſent 
from Africa, which had ſpotted wings. I 
likewiſe have ſeen a third ſpecies, which had 
very long and broad wings, and but a ſmall 
body in proportion: but the wings were con- 
ſpicuous and remarkable for ſome paintings on 
them like dried vine-branches, and exhibited 
a ſpectacle of the moſt exquiſite art and admi- 
rable elegance. I have therefore delineated 
this in its natural ſize, and can ſhew a prepa- 
ration of it to this day. 

The fourth ſpecies of theſe Nymphs is 
found every where in the waters in Holland, 
but eſpecially in the narrow ditches; out of 
which, with the water plants, ſuch Nymphs 
may be taken almoſt every year, not except- 
ing even the winter, They do not differ much 
from that juſt now deſcribed, as is manifeſt 
from the figure, fig. vii. This Nymph, 
having caſt its skin, produces a very ſmall Fly, 
with filver-coloured wings, and a blue and 
black body. This kind has alſo a flow mo- 
tion, and almoſt perpetually flies about ditches. 
This ſpecies of Dragon-Fly has the ſame me- 
thod of generation with the largeſt and mid- 
dle kind, for both perform the buſineſs of 
coition in the air. But I muſt confeſs I never 
ſaw the manner wherein theſe Flies that iſſue 
out of the Nymphs delineated in fig. v1. pro- 
pagate their ſpecies, 
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f the hing Water Scorpion *, which belong to our fecond claſs or order. 
THE EXTERNAL PARTS. 


P the water Scorpion which I occa- 
fionally mentioned in the general enu- 
meration of inſects, I have not ſeen more than 
two kinds. Theſe I ſhall now ſeparately de- 
ſcribe with figures, to illuſtrate the deſcription. 
The firſt, which is the ſmalleſt and moſt com- 
mon of the two, is, like the greateſt of 
the other more perfect inſets, divided into a 
head, a thorax, and an abdomen. In the head 
are placed the eyes, and under theſe is the 
mouth, which is of a round form, Tab. III. 
fig. Iv. a. The head is of a pale red colour, 
and of a very hard and firm texture. The 
eyes are hexagonal and reticular. The ſting 
which lies in the mouth, as in a ſheath, is 
hollow, and of a bright red colour. In the 
upper part of the thorax, which reſembles the 
head both in colour and texture, we find four 
wings, and in the lower part as many legs, 
beſides two claws wo forward towards 
the head. The upper wings 44 are of the 
ſame colour with the thorax ; and it is remar- 
kable, that the fore parts of theſe, by which 
they are joined to the ſhoulder blades, are of 
a ſtronger and firmer texture than the hinder 
parts, which are in a manner membranaceous; 
and full of delicate veſſels. Theſe upper wings 
are inſerted ſo cloſe to the lower pair, and 
cover them all over ſo exactly, that at firſt 
fight no one would imagine the inſect had two 
pair. This diſpoſition of the wings preſerves 
the under pair from getting any wet, though 
the creature ſhould remain a whole day undet 
water. Theſe under wings are of a pale co- 
lour cc, and of a membranaceous texture, with 
little yellow and red veſſels or pulmonary tubes 
moſt elegantly diſtributed through them. The 
upper part of the abdomen, which theſe wings 
cover, is of a deep and clear red colour, like 
vermilion, and is chick ſet with hair, ſo as to 
afford a very agreeable ſight. The legs have 
ſeveral joints, and each ends in two claws dddd. 
Theſe are almoſt of the ſame ſhape with thoſe 
of the land Scorpions ee, only they have no 
forceps or pincers ; but the firſt point is fo 
flexible, and the inſect has ſuch a command 
of it, that it ſerves the ſame purpoſe. The 
| abdomen, whoſe ſhape has been already de- 
ſcribed, is underneath of a pale colour, and 
terminates in a forked tail, which when openg 
ed, is exactly like the figure I have here given 
of it f The thorax and abdomen of this in- 
ſet are ſo unuſually flat and thin, that one 


would be apt to ſuſpect nothing was contained 
within them +. 7s. : = 
There is nothing more remarkable in this 
inſect, than that it conſtantly appears covered 
with 1 number of nits of different 
ſorts and ſiaes, though perhaps we may with 
more reaſon conſider them as ſo many little 
creatures, which live and grow by ſucking the 
Scorpion's blood. Theſe are ſomewhat of an 
oblong figure, approaching to round, and have 
a ſhining; and as it were bloated ſurface, with- 
out any of the rings obſervable in moſt inſets. 
The neck is oblong and ſhaped like a pear, 
with the ſmall end ſticking in the Scorpion's 
body. The colour of this inſect is a mean be- 


. tween that of vermilion and purple; and when 


it is pretty well grown, there appears within 
it an elegant tranſparent ſpot or particle, Tab. 
III. fig. Iv. g. | 
This ſpot ar particle induced me to conſider 
with more attention this minute and hitherto 
unregarded inſet, and even to undertake the 
diſſection of it. But who would imagine that 
on this examination it ſhould prove a perfect 
and ſurpriſing inſet ? This is however a cer- 
tain fact: and thus in that infinite variety of 
works, by means of which God is pleaſed to 
make himſelf known to us, we ever meet 
with new matter of admiration and aſtoniſh- 
ment. | 
This little cteature being extracted from the 
ſhell that covered it, looks like a young Spi- 
der before it has left its egg, On the fore 
part is the head, fig. V. 4, and on its head are 
the eyes þ ; under the eyes are placed its lit- 
tle legs elegantly coiled and folded ec; but 
they appear much more diſtinctly on turning 
the inſect on its back 4d; and in this ſituation 
alſo it beſt appears with what art theſe legs are 
laid up in the ſhell, and all over covered with 
hair. The colour of this little creature is, as 
I already obſerved, a mean between that of 
vermilion and purple; and this colour ſhews 
itſelf through the coat or ſhell, which is tranſ- 
ent. I cannot determine to what ſpecies of 
inſets this is to be referred; nor can I ſay to 
what ſize it grows, or by what kind of creature 
it is thus depoſited on the water Scorpion in 
the form of an egg, there to receive life and 
growth. Nevertheleſs, I cannot but look on the 
diſcovery I have made as very intereſting, ſince 
it proves that there are in the nature of things 
eggs which acquire a ſenſible growth by an 


* The characters of the water Scorpion according to the latter ſyſtems are theſe : the trunk is turned in under the body, the 
antennz or horns form a kind of claws like thoſe of cruſtaceous animals; the wings are four, and they are placed croſ--wiſe ; and 
the legs are four. Linnæus connects the Cimez Aquatilis with this, and gives to the genus he thus forms the name Hepa. 

+ There is not perhaps in all the animal creation ſo outrageous or fierce a creature againſt thoſe weaker than itſelf as the water 


Scorpion, It deſtoys, like the Wolf among Sheep, twen 
put into a baſon of water; in which were tha 


times as many as its hunger > gg 
or forty of the Worms of the middle Libel 


I have ſeen one of theſe when 


ella, which are at leaſt as large as itſelf, 
deſtroy them all in a few minutes: he gets on their backs, and pierces his trunk through their body. 
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entraneous nouriſhment, unleſs perhaps ſome 
naturaliſt ſhould chooſe to- conſider this as a 
complete inſect, rather than as an egg: nor 
ſhall I ſtrenuouſly oppoſe this opinion, ſeeing 
that in all caſes the egg is in reality no other 
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than the inſect itſelf, which remains in that 
ſtate till it has acquired ſtrength ſufficient to 
break its priſon, and live without ſach a 
covering. 


THE INTERNAL PARTS. 


A MONG the internal parts of the water 
Scorpion, the organs of generation ſeem 
to be thoſe which beſt deſerve our attention, 
and which I have n moſt attentively 
examined. The contents of the ſtomach and 
inteſtines were of a green colour, but thoſe 
viſcera when emptied appear of a tranſparent 
white, with here and there ſome tranſparent 
glandules of the ſame colour. Behind the 
pylorus are ſome varicous or knotty veſſels. 
The abdomen is all over covered alſo with 
particles of fat of a moſt bright white, which 
took as if they were divided into many appen- 
dages of the nature of the inteſtina cæca. 

The number of pulmonary tubes is here 
very conſiderable, compared with that which 
is ſeen in the generality of other inſets. The 
larger branches of theſe tubes are of a yellowiſh 
colour, and the ſmaller of a filver white. 
Their openings lie under the wings on each 
{ide of the abdomen. The breaſt contains two 
air bladders. The ſpinal marrow conſiſts of 
very few joints. 

The parts of the male ſubſervient to gene- 
ration appear of a moſt delicate and exquiſite 
contrivance, ſo as to deſerve our moſt ſpecial 
notice; and the diſſection of them took me up 
ſo much time and attention, that in taking 
drawings of them I at firſt overlooked the 
penis. This is placed backwards near the in- 
ſect's anus, where there are ſeveral other parts 
worth examining. The root or nervous body 
of the penis, Tab. III. fig. vi. a, which is of 
a white colour, lies a little higher up in the 
abdomen, I have repreſented it here as it ap- 
pears when taken out of the body. This root 
of the penis, after having made many ſerpen- 
tine turns, divides into four tubes, two of 
which conſtitute the vaſa deferentia, whilſt 
the other two perform the office of the veſiculæ 
ſeminales in other animals, and open into the 
cavity of the root of the penis, where they diſ- 
charge the matter prepared by them. I have 
given an exact drawing of the vaſa deferentia ; 
one of them I have repreſented as it appears 
moſt curiouſly convoluted in its natural ſtate &; 
the other as it looks when drawn out c. Theſe 
vaſa deterentia are conſiderably wide and ſpa- 
cious, but not equal to the veſiculæ ſeminales. 
It is probable theſe veſſels are adapted by na- 
ture to ſecrete a ſeminal matter different from 
that prepared by the teſticles; for they are 
largely ſupplied with glandules to anſwer that 
purpoſe, and conſiſt of a conſiderably thick and 
{pongy ſubſtance. As the vaſa deferentia ap- 
proach the teſticles, they grow leſs and leſs by 
degrees, ſo as to form two flender tubes dd, 


and this portion of them alone ſeems to claim 
the name of vaſa deferentia, as they do nothin 

but convey the ſeed from the teſticles : thels 
teſticles conſiſt each of five diſtinct bodies, 
ſeparated on all fides, oblong, white and glan- 
dulous ee, with which are united as many 
ſeminal veſſels twiſted and coiled one over ano- 
ther very elegantly, and in a great variety of 
directions ff. I have repreſented one of them 
as it appears when ſeparated from the reſt, 
and extended g. The veſiculæ ſeminales are 
ſomewhat ſhorter , but they are a little 
wider than the vaſa deferentia. The former 
contain an aqueous ſeminal matter, which in 


the teſticulary veſſels, the glandules of the 


teſticles, and even the vaſa deferentia them- 
ſelves appear of a ſhining white. From this 
we may conclude that the mechaniſm of theſe 
genital parts reſembles greatly that of the ſame 
organs in the Rhinoceros Beetle, which I ſhall 
hereafter deſcribe. Indeed in reſpect to the 
vaſa deferentia, the teſticulary veſſels, and the 
veſiculz ſeminales, they are not unlike thoſe 
of the human ſpecies ; and this reſemblance 
is very worthy our notice, in order to diſcover 
the general analogy between animals by a care- 
ful compariſon of their organs, as exhibited to 
us in accurate diſſections. 

Among the parts of the female ſubſervient 
to generation, the moſt conſpicuous is a ſur- 
prizing. kind of ovary, divided on each fide 
into five oviducts, one of which I ſhall here 
repreſent, and in part the reſt being ſimilar, 
fig. vii. aa. The eggs contained in theſe ovi- . 
ducts are of ſo curious a ſtructure, and placed 
with ſo much art, wiſdom and judgment, that 
I muſt own I never met with any thing con- 
trived more nicely, or more elegantly diſpoſed. 
That this contrivance and diſpoſition may ap- 
pear the more diſtinctly, I ſhall firſt deſcribe 
the egg itſelf, which in ſhape greatly re- 
ſembles the feed of the carduus benedictus. 
This egg is a little oblong, of a yellow colour, 
with its lower ſurface ſomewhat convex, fig. 
viii. a, The edges of the upper ſurface are 
elegantly adorned with ſeven flender branches, 
not unlike ſtiff briſtles very red at the points &, 
and white in the middle e, ſo as to afford a 
very entertaining appearance. That theſe 
briſtles may be in no danger of creating con- 
fuſion in the ovary, or of wounding it, or the 
eggs, or receiving themſelves any damage by 
bending, the briſtles of the firſt egg, or that 
which 1s next to the aperture of the ovary, lie 
flat againſt the edges of the ſecond egg, ſo as 
to form a kind of bed for the lower and con- 
vex ſurface of it c. The third d and all the 

| | other 
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dther eggs are orderly placed in the ſame man- 


ner, ſo as to afford ample matter for admiring 
ind adoring the all- ſeeing Architect, who fo 
wiſely formed and diſpoſed them. F 
| Theſe water Scorpions live in the water 
all the day, out of which they riſe about the 
duſk of evening into the air, and ſo flying from 
place to place often betake themſelves in queſt 
of food to other waters. This is always their 
courſe when the ditches in which they inhabit, 
come to be dried up. This affords us a ſatis- 
factory reaſon for the great number of inſects 
that immediately appear in the ſmalleſt col- 
lections of water, fince they may very well 
get thither when it is dark, fo that the opinion 
which aſcribes to putrefaQtion the power of 
forming inſets, muſt by this inſtance of the 
water Scorpion's nocturnal tranſmigrations ap- 
pear more and more frivolous and unneceſſary. 
I have in fact been told by a perſon who took 
great delight in fiſhing, that he has found the 
eggs of ſome kinds of Fiſh ee to the 
wings of Ducks, who by this means he with 
reat reaſon imagined might ſerve to reple- 
niſh the waters on the top of the higheſt moun- 
tains with the inſects proper to that element. 
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The Nymph of the water Scorpion remains 
in the ſame place where it was produced, till 
the wings are full grown, when ſhe imme- 
diately ſallies forth in ſearch of a companion 
of the other ſex, with whom ſhe may carry on 
the great buſineſs of propagation, and multi- 
tiply the ſpecies. - | 
The Water Scorpions of the larger ſpecies 
differ but little from the ſmaller, which I have 
hitherto deſcribed. The body of the larger 
kind, Tab. III: fig. 1x. 4, is much longer and 
ſharper than that of the other; and its limbs 
are more diſtinct and conſpicuous. It is alſo 
of a paler colour, ſomewhat more gray, but 
inclining to red. As to the claws in this 
ſpecies there is in them ſomething very remar- 
kable ; the joints from which they ſpring: are 
furniſhed each with two ſharp proceſſes 66, 
in order to receive, and as it were ſheath 
theſe ſharp claws when bent againſt them. 
The legs alſo are much longer, and are made 
like iff and ſlender briſtles cc ; but the mem- 
branous extremities and ornaments d of the 
wings differ greatly. I have not examined 
the internal parts of this ſpecies. 


The natural hiſtory of the inſe& called the Hemerobios, E phemerus, or Diaria, 


extracted from J 


. Swammerdam's account of it, formerly printed in Dutch 


under the title of, The Life of the E Pbemerus. 


E ſhall leave out in this extract all the 

pious meditations and 7 3 — ſen- 
timents with which the original is ſo liberally 
furniſhed, as they would ſwell this work into 
too large a bulk, and do not I belong 
to the deſign of it as a natural hiſtory. The 
author publiſhed at that time his obſervations 
on that ſurpriſing inſect, to give us wretched 
mortals a lively image of the ſhortneſs of - this 
preſent life, and thereby to induce us by the 
help of frequent admonitions to aſpire to a 
better : and we hope we cannot in juſtice be 
accuſed of defeating his well-meant labours by 
abridging them in this manner, ſeeing his book, 
which he himſelf publiſhed, is ready to be had 
by any one that chuſes to read every thing he 
has ſaid on this ſubject. It contains alſo a 
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reat number of Dutch ſentences in verſe, and 
in proſe, of which it would be almoſt impoſſi- 
ble to give a proper verſion fit to appear in 
public ; and to interrupt the work with Dutch 
quotations, would be ſpoiling the regularity 
of the work. That the illuſtrious Thevenot, 
whom Swammerdam himſelf firſt charged with 
the edition of this work, intended to proceed 
in the ſame manner, appears very plainly from 
a French tranſlation of the natural hiſtory of 
the French Ephemerus, which has fallen into 
our hands amongſt other manuſcripts relating 
to this ſubject; We ſhall therefore proceed in 
this deſign of giving the reader all that relates 
to its hiſtory, and nothing more, without any 
further apology. | 


* J. 


The Epbemerus is produced from an egg *: 


HIS inſect, Tab. XIII. fig. xv. has 
four wings, two little antennæ or horns, 
ſix legs, and a very long and hairy tail; it lives 
at the utmoſt but five hours. This ſurpriſing 
creature appears every year for three day ſuc- 


ceſſively fluttering on the ſurface of the water, 
at the mouths of the Rhine, the Meuſe, the 
Wael, the Leck and the Yſel, about the feaſt 
of St. Olophius and St. John; but this con- 
tinued appearance is kept up by a ſucceſſion of 


The Ephemerus, for ſo it is the eſtabliſhed cuſtom now to write the word, conſtitutes a diſtin genus among the four-winged Flies. 
The characters are, that there are two large prominences for the eyes on the upper part of the head; that the tail is furniſhed with 
lome briſtly hairs, and the antennæ are ſhort. There are ſeveral ſpecies of this genus of different ſizes. 


them 
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them, for thoſe which begin to live and flutter 
towards the noon of the firſt day,. are dead be- 
fore night, and the fame happens the ſecond 
and third days ; which being expired, no more 
of them are to be ſeen till the returning year 
again renews this three days wonderful fight. * 

At this time the female of the Ephemerus, 
fig. v111, after having thrown off her coat 
or ſlough, iflues from the water and diſcharges 
into it both her ovaries, Tab. XV. fig. 11. 
But this is not done till ſhe has for ſome time 
fluttered upon the ſurface of the water in a 
very curious. and ſurprifing manner, beating it 
with her wings all the time. 

It is at this time the female like a 6h diſ- 
charges her eggs, which the male, Tab. XIII. 
fig. xv. who firſt quits the water, and afterwards 
diveſts himſelf on the land of a very thin 
skin, fig. xIII. and x1y. invigorates by eject- 
ing on them his melt or ſeminal milky ſub- 
ſtance. . | | 

I ſhall in the ſucceeding pages deſcribe in a 
full and accurate manner how this act of ge- 
neration is performed, how theſe inſects riſe 
from the water, and how they free themſelves 
both in the water and on the land of their old 
skins. 

The firſt time I obſerved this ſurprifing in- 
ſet, was in the year 1661, on a branch of 
the Rhine running by Culenburg. But Clutius 
who has likewiſe written of thoſe inſets, fays 
they are to be found at Aarnhem, Zutphen, 
on the canal called Vaart near Utrecht, at Rot- 
terdam, and in many other places. Doctor de 
Mey, a moſt reverend and learned divine, has 
likewiſe given us an expreſs treatiſe on this ſub- 
ject, as appears by the appendix to Goedaert's 
hiſtorical obſervations. Nor has the obſervation 
of theſe inſets been confined to our times, 
ſome of the greateſt naturaliſts of antiquity have 


The BOOK of NATURE; ot, 


made mention of them, as appears by Pliny, 
Ariſtotle, Ælian, and others who have written 
on theſe ſubjects. We find this little creature 
deſcribed in. their works by the name of the 
Hemerobion, Ephemerus, and Diaria, as ap- 
pears by many paſſages in their works, as like- 
wiſe by Avgerius Clutius's work, publithed in 
the year 1634, of which I juſt now made 
mention, | 4 

The eggs of the female Ephemerus dropt into 
the water, and there impregnated by an effu- 
fon of the male's „in the manner we 
have deſcribed, ually ſink to the bottom. 
But this is effected in ſuch a manner, that the 
eggs are ſcattered over the muddy bottoms of 
rivers by the motion of the waters. The figure 
of the eggs themſelves does not a little contri- 
bute thereto, as they are of a plain convex 
ſhape, Tab. XV. fig. 1, and are thereby the 
apter to diſperſe in their deſcent. This appears 
by placing a few of them on the point of a 
kaif, and then letting them fall gently into 
water, for they immediately ſeparate of them- 
ſelves in a very curious manner. 

It is hard to ſay, and God only, who gives 
theſe inſets life and motion, knows how long 
their eggs lie at the bottom of the waters where 
they are depoſited, and how long it is before 
the contained inſets break through the ſkin 
that ſurrounds them, and perform as it may 
be called their firſt moulting. It is not im- 
probable that theſe pom might be experimen- 
tally aſcertained by dredging for them at diffe- 
rent ſeaſons, or keeping their eggs in a veſlel 
full of water with a ſufficient quantity of mud 
at the bottom. For the preſent we muſt be 
fatisfied to obſerve that the eggs of the Ephe- 
merus produce, after an unknown time, a little 
Worm with fix legs. This is the creature fiſher- 
men call the - bait. 
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| The egg of the Ephemerus produces a little Worm with fix legs, called the banl- 
bait by fiſhermen. 3 


N ſearching the bottoms of waters fre- 
vented by the Ephemerus, ſome time 
after it has laid its eggs, we find a multitude of 
little Worms with fix legs, which differ in no- 
thing but ſize from thoſe that are more grown. 
But this is not to be found till a long time after 
the parent inſets have made their appearance, 
for the growth of this little inſect is ſo ſlow, 
that in the beginning of June in the year fol- 
lowing, about which time the bait turns to an 
Ephemerus, they are ſcarce three quarters of a 
Dutch inch long, Tab. XIII. fig. 1. which 
is but about the third part of the length of the 
full grown Worms, fig. 111. that have com- 
plete wings, and are juſt upon the point of 
making uſe of them. 
Beſides two kinds of Worms remarkably 
diftering in bigneſs, a third is obſerved to be 


produced at the ſame time from the mud, 
fig. 11, which is bigger than the leſſer kind 
by almoſt two thirds, and is a third part lefs 
than the largeſt kind. Nor is this difference 
between theſe Worms in reſpect to their various 
age, all we obſerve, for thoſe of the ſame age 
differ greatly both in length and thickneſs. 
When the largeſt kind of theſe Worms is about 
three thumbs breadth long, in the beginning of 
June, when they are about to begin to fly ; the 
middle kind is not completely two long ; and 
the ſmalleſt is ſcarce a thumb's breadth in 
length. 
There is another remarkable difference be 
tween theſe Worms of the Ephemerus, which 
is, that the ſmalleft kind, fig. 1. not only 13 
without wings, or thoſe prominences which 
cover the wings, but it does not even — = 
ea 
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n the conttary; in the dther- 
orms, the little ſheaths of the wings, fig. 11. 


. . 
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leaſt figns or veſtiges ti of any ſuch part! whefeas, kind are as conſpicuous as poſſible, fig. 117. 
of theſe reſembling a little flower, that el, de- 
8 grees; and is ready to break out of its cup. 
begin in at that time to appear, and in the largeſt / W ' 1 
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Of the Ijſe of the Permick or Worm of the Epbemerusʒ when out of the g 
N and of i ü, 


T is very worthy of notice, that theſe 

Vermicles or Worms never, or but very 
rarely, are obſerved to ſwim at the bottom of 
the river, or even in the middle of the water. 
They can indeed ſwim very ſwiftly, and move 
and throw themſelves eaſily into ſerpentine wind- 
ings in the water; whilſt their head is bent 
ſometimes up and ſometimes down; the reſt 
of the body advancing with the like twiſting 
convolution and ſerpentine motions. But, not- 
withſtanding they have this in their power, 
they are always found near the banks of rivers, 
and they live there in the moſt quiet 
The more mud there is in the bottom, out of 
which they firſt riſe, the greater number of 
theſe Worms is uſually found; But you can 
very rarely catch them lying on the mud 
or adhering to it, but they live within the 
mud or clay itſelf in hollows made oblong 
and ſmooth. Theſe are bored, not obliquely 
or downwards, but always lel to the ho- 
rizon : therefore, Vander Kracht ſays right in 
Clutius, that theſe inſets live in — little 
cells. 

As the Bees, therefore with wonderful and 
perhaps inimitable art form their habitations 
with wax; in like manner do the Worms of 
the Ephemerus make theſe hollow tubes, Tab. 
XIII. fig. v. a, or long holes for their reſidence, 


and bore them in the mud, in proportion to 


the bulk of their bodies. Hence, when theſe 
Worms are expelled out of their holes, ſo that 
they muſt creep on the plain or ſmooth bottom, 
which does not ſupport every part of their bo- 
dies, they immediately loſe their ability to go 
forward, though they are even ſurrounded with 
water, and are able to ſuſtain or bear themſelves 
up by ſwimming. This I have experienced, 
when I haa drawn a great number of theſe 
Worms out of their holes, in order to diſſect 
them ; they always fell on their backs, and, as 
if they were in a ſwoon, could not turn them- 
ſelves again : whereas, on the contrary, when 
they are in their little holes or burrows, they 
can creep very Mickly backwards and forwards, 
and move themſelves every way as they have 
occaſion. TI obſerve that it is common to all 
kinds of Worms which live in theſe kind of 
cells or holes to be able to move very quickly 
into their retreats, and when they are taken 
out of them, to faint as it were away. This 
I have obſerved in the Worms which live in 
hollow trees, and alſo in thoſe which are found 


the galls or warts of 


in fruit, in the tubercles of the leaves, and in 
s of plants. It is very worthy 
of obſervation, that the Coſſus or Worm of 
the great ' Beetle, whenever it is taken out of 
8 houſe, covers its whole body with a web, 
y the _ of which it forms a new hole for 
itſelf in the wood; for it could by no means 
pierce or make a hole, unleſs it were provided 
with ſome kind of ſtay or ſupport to lean 
againſt by preſſing its body in that part, and 
finding a due reſiſtance; , _. 

The bait or Worm of the Ephemerus is ſo 
weak when out of its hole or little tube, that 
if at any time it ceaſes to move, when ſwim- 
ming in the water, it immediately ſinks to the 
bottom in confuſion, and there lies on its back. 

We are to remark. further, that as ſoon as 


Worms of the Ephemerus have iſſued out 
of their eggs, they prepare to build their cells 


or houſes, which we have obſerved are long 
and horizontal hollow tubes or caverns made 
in the clay or mud. But they make theſe tubes 
by 7 larger and larger, according to the 
ſize of the body, ſo that by this means the full 

own Worms are always found in larger, Tab. 

III. fig. v. a a, the young ones in ſmaller 
tubes, 66: 

The all-wiſe Creator has given them parts 
appropriated to this purpoſe; their two fore legs 
are formed, in ſome meaſure, as they are in 
the Moles and Mole Crickets. Theſe Worms 
have jaws likewiſe, which are provided with 


two teeth ſome what like the forceps or claws 


of crabs, and theſe ſerve very well to aſſiſt in 
making thoſe holes in the ol 

Hence you will immediately ſee them pierc- 
ing or boring, when they are thrown into a 
little mud mixed with water. If you do not 
give them a fufficient quantity of the mud, 
they will nevertheleſs continue to undermine 
what they have, at one time hiding their head, 
and at another their body, and afterwards their 
tail, attempting to prepare new cells. 

The fiſhermen ſay, they are certain from 
experience that theſe Worms, when the water 
ſinks from the brink or edge of the river, always 
bore holes thtough the mud into a lower and 
deeper part, and that they likewiſe go to higher 
places, when the water riſes, This, I think, 
they are under a neceſſity of doing, ſince they 
have ſeveral air-pipes in their tracheæ, by the 
help of which they frequently draw new air, 
which is neceſſary to their life. This they could 
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not do, if they were confined at too great a 
depth when the water roſe higher. 

I have often obſerved that when they were 

drawn out of their cells and put on the wet 

ſand, they, have choſe rather to creep out of 
the water, than go to the bottom under the 
ſand. This might poſſibly be owing to the 

want of mud, and the warmth of water, 
which is probably injurious to them. 


CHA 


makes its habitation, 
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As to the food of theſe creatures, it is very 


difficultly diſcovered, unleſs: by the diſſection 
of them, which taught me that: they live on 
clay or mud only. Whenever you open them; 


you will always find mud both in the ſtomach 
and in the ſmall and great guts. Theſe Worms 
are therefore in this reſpect like the Moth, 
which feeds on the ſame ſubſtance of which it 
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How long the Vermicls or Warm of the Ephemerus is winged ; why it 5s called 
| the eſca or bait ; and how long it lives. 


TAVING confidered the egg, the Worm, 
and the food of the Ephemerus, the next 

thing is to ſee for what ſpace of time this Worm 
is fed or nouriſhed: and though it ſeems a 
thing impracticable to determine how long 
any creature which lives in the earth under 
water is in feeding, yet this problem may be 
ſolved by conſidering the different bigneſs of 
thoſe Worms which I have beforementioned. 
Since the ſmalleſt kinds of them, when fed 
for one year, in which time the largeſt kind 
prepares to fly, is three quarters of a thumb's 
breadth in length, and the middle ſpecies 1s 
then only one half; it follows, that every 


Worm is feeding three years before it becomes 


fit to undergo its change, becauſe the largeſt 
kind of Worms which begin this change, are 
two thumbs and a half long. 

The largeſt day Worms when fully nouriſh- 
ed or fed, regularly go out of their cells into 
the water, and thence afterwards riſe into the 
air, as I ſhall explain hereafter. As every crea- 
ture has its enemy, theſe have many; the fiſh 
perſecute them immediately after they go into the 
water, in order to undergo their change ; and 
when this is accompliſhed and they rife out of 
the water into the air, the birds immediately 
hunt after and prey on them. This has been 
obſerved by the failors, fiſhermen, and others, 
who live near the Rhine, ſo that they learned 
from hence to uſe thoſe little creatures as a bait 
to catch fiſh, And hence it is that theſe 
Worms are called by the name of bait or bank- 
bait, near the village of Duerſtede, Culenburg, 
and in other places. This has likewiſe been 
the reaſon that theſe creatures, when they 
afterwards began to fly, have been called by 
the name of the flying bait. But this creature 
is called Haft at Rotterdam, Schoonhoven, and 
Dordrecht, the moſt ancient " in Holland, 
as ſoon as it becomes capable of flying. Hence 


has ariſen the common proverb among the 
Dutch, “Het iſſer 200 dicht als haft, to indi- 
cate a very numerous multitude, becauſe theſe 
little creatures at the times of their change, 
fly ſo thick together in ſwarms, that thay can 
3 more be counted than the falling flakes of 
now. 7 


Theſe Worms afford a bait for 
fiſhing at any time of the 6 Be weather 
be favourable for that purpoſe ; for fince they 
live three years in the mud before they are 
changed in ſo wonderful a manner, like Silk- 
worms, into flying creatures, they may be eaſily 
taken out of the banks at any time of the year 
for the ſportman's purpoſe. But this cannot 
be conveniently done when the waters have 
riſen high, for it is then neceſſary one ſhould 
go-naked into the water, which I have ſome- 
times got done, that I might have an opportu- 
nity of inveſtigating the nature and diſpoſition of 
theſe inſets, and be able to examine anatomi- 
cally the internal parts. When the fiſhermen 
uſe this Worm, * fix the hook in the head, 
which is its hardeſt and moſt firm part. And 
as it is very long-lived, by the perpetual mo- 
tion it makes in the water, it becomes a very 
proper bait to allure the fiſh to ſwallow the 
inſidious hook. 

How very durable the lives of theſe Worms 


_ are I could thus, form a judgment : I have 


ſometimes pierced one of them with a little 
needle, in order to dry and preſerve it when 
dead, but it has been ſtill living the day after, 
though it had been a whole night in -a little 
veſſel of urine, into which I had thrown it in 
order to kill it, But however tenacious they 
are of life, when they are taken out of their 
cells, and put into water mixed with clay they 
cannot live more than two days. Therefore, 
whoever deſires to keep theſe Worms alive 
ought to put them in nothing elſe but moiſt ſand 
or wet clay. By this means I have known the 
largeſt live four days, and the ſmaller eight. But 
when they are all covered with water, they can- 
not by any means continue alive, for they mult 
have air. | 

If any one defires to ſend theſe Worms 
abroad, the beſt method is to tie together ſome 
tubes made of the largeſt bull-ruſhes, and to put 
the Worms into them; for otherwiſe they can 
ſcarce be ſent well, becauſe by running up and 
down at random, they huft each other. By 
this method they may be likewiſe eaſily carried 
to other rivers, as fiſh are carried from one place 


to another. 
C HAF. 
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| Deſcribes the u parts of the Eſea or bait, its colour, and the difference itt 
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its manners and diſpoſition. 


AVI sc Eranined the 


Worm of the Ephemerus, I obſerve that 
it is divided into fourteen annular diviſions; the 
firſt conſtitutes the head ; the three ſubſequent 
the thorax ; and the other ten the belly, with 
the tail annexed; 1 

In the head, Tab. XIII. fig. 1v. a, the eyes 


are very conſpicuous, inveſted with a 
e and booth coat, covered on either 
ſide with briſtly hairs. When the Worm is on 


the point of changing its old skin, we obſerve 
this ſmooth coat to part or ſeparate by degrees 
from its eyes, and the eyes when the little crea- 
ture begins to fly, appear reticular as they are 
in Flies. A little lower under the eyes are 
ſeen two tender horns 4b, terminating in ſharp 
points, and articulated or divided into joints. 
Under theſg are ſeen a pair of dentated _— 
or jaws c, conſtituting the creature's mouth, 
About the origin of theſe jaws, underneath, 
ſeveral more hairy and membranous little parts 
appear, which are ſomewhat like theſe that we 
obſerve in Crabs and Shrimps. 

To the firſt ring of the thorax are fixed the 
two fore legs d, the ſtructure whereof, and the 
joints of which they conſiſt, merit great notice, 
The ſtructure is in ſome meaſure like that ob- 
ſerved in creatures that borrow under the earth. 
Hence the ſtrongeſt motion which theſe legs 
have is outward, by which they can the more 
conveniently pierce and remove the earth, like 
Moles in 2 their cells. | 

Every leg is compoſed of four joints, and ter- 
minated by a fingle claw. The firſt joint is 
affixed to the breaſt; the next to this is ſome- 
what crooked, as is likewiſe the third, which 
conſiſts of a matter ſomewhat more bony and 
horny than the others, and is armed with pro- 
minent brown red little points like teeth, and 
ſurrounded laterally with numerous hairs. The 
fourth joint is very ſmall, and is armed with a 
ſmall claw. The muſcles likewiſe, and their 
inſertions may be ſeen very diſtinctly here, by 
the help of which the bony joints are beauti- 
fully moved, 

To the ſecond diviſion of the thorax, which 
is the third ring of the body, and properly con- 
ſtitutes the loins, and is covered both above and 
below with a ſhield of a horny little bone, is 
annexed a ſecond pair of legs, Tab. XIII. fig. 
iv. d, which conſiſts of five joints and gne claw; 
and are here and there furniſhed alſo with hairs. 
Somewhat behind theſe, the follicles or little 


ſheaths e, wherein the firſt pair of wings are 


concealed, are ſeen on each ſide. Theſe ſheaths 
are here and there interwoven with air veſlels, 


which appear on their external ſurface, like 


common little veins or nerves. When the 
Worm is juſt going to caſt its skin, the internal 
or under wings are folded in a wonderful and 
elegant manner, and appear through their ex- 
ternal coats or follicles. 

There apperrs on the third ring of tlie tho- 
rax, which is the fourth of the body, the in- 
ſertion of a ſecond pair of wings, which are 
much leſs than the firſt pair, and are wholly 
covered by them. This firſt pair likewiſe = 
covers the hindermoſt or laſt pair of legs, whic 
confiſt like the others of five joints and one 
claw, and are adorned with numerous hairs. 

The firſt ring of the abdomen, or the fifth 
annular inciſion of the body, is all even and 
ſmooth, nor is it joined to the legs, the wings, 
or any other part. To the ſix following rings 
are affixed very beautiful branchiæ or gills /, 
pe lly fluttering, and beating up and down 
with a tremulous motion. By the help of theſe 
Clutius erroneouſly thinks the Worm ſwims ; 
but theſe parts are undoubtedly the branchiæ or 
gills of the creature. In Lobſters, Crabs, and 
Cuttle-fiſh, which approach in many reſpects 
to the ſtructure of inſets, we conſtantly find 
theſe little parts framed and ſituated in the 
ſame manner, with this difference only, that in 
Crabs and Lobſters they are encloſed in a hard 
ſhield, wherewith the back is covered, but in 
theſe as well as in the Cuttle-fiſh, they are ſitu- 
ated higher on the body than in the Ephemerus. 
In the figure of this Worm given by Crachtius, 
twelve gills are expreſſed on each fide. This 
error ſeems to have ariſen from a wrong view, 
fince there are only fix on each fide, the whole 
only make twelve, 

The eighth and ninth diviſions of the belly, 
which conſtitute the twelfth and thirteenth rings 
of the body, are all even and ſmooth. Theſe 
are ſucceeded by the tenth or laſt, that is, the 
fourteenth diviſion of the body. This is adorned 
with three hairy and briſtly fails, Tab. XIII. 
fig. Iv. g, to which are alſo added two crooked 
appendages, which are not ſo remarkable in the 
females ; but in the males they are likewiſe 
accompanied with ſome other little appendages 
underneath. | 

As to the colour of theſe Worms, the ſmall- 
eſt appear of a pale blue with a tinge of green. 
This, however, cannot be properly ſaid to be- 
long to the creature itſelf, but is rather owing 
to the viſcera which are ſeen through, The 
eyes of all theſe Worms are of a blackiſh brown 
colour, and the back is ſpeckled with pale 
brown ſpots, which increaſe by degrees with its 
age. The mouth is paliſh, and is furniſhed 
with rediſh brown teeth; of this colour are alſo 

the 


having two teeth and conſtituting part of the 
mouth. The horny parts and the claws ef the 
legs are likewiſe of a reddiſh bfown. . 
The exuberant wings inſenſibly change their 
pale colour into a yellowiſh one, which, in 
roceſs of time becomes a bright blue, and at 
— a brown black. The whole body of 
the creature is by little and little ſtained with a 
pale yellow colour, and the blackiſh ſpots in 
the back, where it conſtitutes the upper part of 
— belly, are changed by degrees into a deeper 
colour. 15 
The difference between theſe creatures with 
| reſpect to their ſex is another point very wor- 
thy of notice. For the eyes, Tab. XIII. 
Iv. a, of the male, are twice as large as 
of the female, hg: 111. but the body of the 
male is commonly much eſs than that of the 
female, which is the caſe in inſects in general, 
as far as T have obſerved ; and it ſeems to be 
ordered very prudently fo by nature, or more 
properly, by the very wiſe Creator, in order to 
give the due room to a large number of eggs. 
The male in this ſpecies has the tail very long, 
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the forceps or jaws which are beneath them, 


NATURE; &, 

and beſides he has three or four other appen- 
dages, placed partly on the fides, partly under 
them, which can. ſcarce be diſtinguiſhed in the 


Females: © The Male that 1 exhibit in fig. 1. 


of Tab. XIII. is the largeſt of all I have ſeen, 
ugh- much larger"females may be found. 
As to rhe diſpbſition and manner of this 
inſect, 1 can Yay little from my own obſerya- 
tion: but one thing I may venture to affirm, 
that among all the ſpecies of inſects, I nevet 


law any one more mild, gentle, or innocent. 


For in whatever manner it is treated, It is al- 
ways calm and peaceful, and when left to itſelf, 
it immediately goes to work, and begins to dig 
a cell for its habitation. I have obſerved indeed 
in the ſmalleſt ſpecies, that when rudely 
handled, it bends its head towards its breaſt, 
and makes itſelf ſome what ſtiffer. Of all the 
actions of this creature none is more admirable 
than the agitation of the branchiæ or gills, 
Tab. XIII. fig. w. which adhere to either 
ſide of its body, for theſe are ſo orderly, di- 
ſtinctly, and continually ſhook and vibrated, 
that the mind, when intent on theſe incompre- 
henfible movements, is filled with aſtoniſhment, 


ä 


The anatomy of the internal | parts of the Ephemerus. 


HV. 7 briefly deſcribed the egg, 
1 Worm, food, age, external parts and 
diſpoſition, ſo far as I obſerved, of our little in- 
ſect, what ſhould naturally come next into con- 
ſideration would be to explain its change. But 
as this is performed ſo haſtily, that it conſiſts 
almoſt only in the caſting of two coats or skins, 
and the diſplaying or unfolding of ſome limbs 
and parts before covered, in order to underſtand 
the difference between the ſwimming Worm 
and this flying inſect the more diſtinctly, I think 
it better to deſcribe its internal parts firſt ; and 
the rather, . becauſe all theſe parts under both 
forms of this creature may be in this account 
taken notice of. | 
Though in deſcribing the internal parts of the 
EſcaorWormof the Ephemerus, I ſhall enter upon 
them in a method not yet obſerved by any perſon 
that I know of; yet, according to the example 
of Clutius, I ſhall not complain of the ſcarcity 
of books, treating of this ſubject, nature herſelf 
being the beſt interpreter of all her works: 
books are to be admitted no further than as 
they expreſs the truth of what ſhe repreſents to 
our ſenſes. I am therefore in pain for thoſe, 
who, relying on the experiments related by 
others, frame innumerable fictions, and there- 
with deceive their readers with themſelves. It 
cannot be poſſible that any perſon relying on 
his own underſtanding and judgment, ſhould, 
in ſuch a variety of experiments, follow the 
ſtraight path of truth, and with an unprejudiced 
and candid open paſs a juſt ſentence on the 
obſervations of others, eſpecially ſince we ob- 


ſerve that the moſt certain experiments are ob- 


ſtinately rejected by many, unleſs they correſ- 

nd with their own opinions or prejudices: I 

Il build only on what I have ſeen, though I 
may in this perhaps be blamed ; for that not 
having had a ſufficient number of the Worms, 
I have not been able to bring their diſſection 
to the utmoſt perfection, ſo that in this reſpect 
I cannot every where ſatisfy my own inquiries. 
But I have long ſince learned, that the works 
of God are as inexhauſtible and incomprehen- 
ſible as his own perfect nature; ſo that theſe 
things ought not to be contemplated by us for 
any other purpoſe, than that we ſhould be 
humbled by a due conſciouſneſs of our igno- 
rance, and be obliged to adore their Creator, 
and love him truly. 

In order to make the obſervations I have to 
offer as clear as poſſible, I ſhall at the fame 
time declare the method, which I made uſe 
of in the year 1670, to determine the true 
diſſection of the ſeveral parts; for it is by no 
means my intention to deceive either myſelf 
or others. Before I proceed to the deſcription 
of the internal parts, I ſhall, in order to aſſiſt 
the memory, briefly enumerate what parts are 
obſervable outwardly in the Worm of the 
Ephemerus, as alſo what inward parts I found 
in the male, and what in the female. 

The external parts of the Worm are the 


head, ſkull, horns, eyes, teeth, mouth and 


tongue, together with their hairy membranes, 
which are like thoſe in the Crab kind. The 


breaſt, legs, claws, wings, belly, and what ap- 


pertains 
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ins to it ; the twelve upper branchiæ or 
gills, the ten lower oars that ſerve the creature 
for ſwimming; the tails with their appendages, 
and laſtly, the apertures of the pulmonary 
tubes under the breaſt. _ | 
The inward parts of the male are, | beſides 
the blood and membranes, muſcles and fat, the 
ſtomach and inteſtines, the pulmonary tubes, 
the heart, the ſpinal marrow, and the ſpermatic 


8. | 
= the female I find all the parts juſt recited, 
with only this difference, that inſtead of ſper- 
matic veſſels an ovary is here ſeen, ſurrounded 
with ſmall membranes, which are interwoyen 
with very many pulmonary tubes. 

As I have not yet accurately examined the 
internal parts of the head and eyes, for want 
of a ſufficient. number of Worms and Flies, 
I ſhall not ſay much concerning them, nor of 
the parts of the thorax, the latter being for 
the moſt part filled with the muſcles of the 


legs and wings. 


If the male Worm of the Ephemerus, which 


it is eaſy to diſtinguiſh from the bigneſs of its 
eyes, be firſt laid on its back on a ſmall piece 
of -a fir board, and then faſtened with the 
ſmalleſt needles that can be had on black paper 
or a ſmall piece of linen, we immediately ſee 
a thin and watry humour diſtilling out of the 
wounds in the skin, which' is the real blood of 
this inſect. And yet it is not red, as is the 
caſe in Earth-worms, the blood of which, as 
well as that of quadrupedes, is tinged with that 
colour. I don't know a more 2 inſtru- 
ment to open the ſkin than a fine and ſmall 
pair of ſciſſors, for little lancets, though never 
ſo ſharp, are not fit for this purpoſe, becauſe 
they always pull and tear the parts aſunder, 
and eſpecially if the membranes be not equally 
hard 


When the skin is after this gently and deli- 
berately ſeparated with a fine ſharp-pointed 
pen-knife from the parts underneath, an inte- 
rior very thin and membranous skin immedi- 
ately appears. If this be afterwards cautiouſly 
removed, the muſcles of the belly preſent them- 
ſelves to view, as well thoſe which extend 
from one diviſion to another, with ſtraight 
fibres of the body, as thoſe which are pro- 
tended obliquely and acroſs : other muſcles are 
alſo ſeen, which ſerve to move the branchiæ 
or gills. The coat or other ſkin is likewiſe 
fibrous, and ſeems to be joined to the muſcles 
before deſcribed. 

After the muſcles appears a very fine and 
delicate membrane affixed to them, which I 
take to be the peritonæum. About and under 
this ap a quantity of fat, conſiſting of 
ſmall, fine, and white veſicles, which contain 
a real fat in the form of fluid oyl. Whoever 
views theſe veſicles without a microſcope, may 
naturally take them for the fat itſelf, whereas 
they are only thin and very tender bags con- 
taining it, as is the caſe in man and other ani- 
mals. This will be very plain, if theſe pingue- 
ferous bags, which are of equal bigneſs, be 
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viewed with a mi The younger the 
creatures are, the more conſpicuouſly they ex- 
hibit this fat, ſince it then lies here and there 
diſperſed on the membranes, nor is it heaped 
together ſo thick as in the older ones. 

After obſerving theſe, we come to the ſto- 
mach, Tab. XV. fig. v. and to the inteſtines 
which are continued from it. Here is preſented 
to view the eſophagus, or otherwiſe the tube 
of the upper orifice of the ſtomach, which 
deſcends like a_ fine filament from the mouth 
or jaws through the back and thorax, and 
enters and is connected with the upper part of 
the ſtomach, Where this little tube is con- 
nected with the ſtomach, it becomes narrower 
and cloſſer a, as may be ſeen about the lower part 
of the ſtomach, or towards its lower orifice 6. 

Though the ſtomach c conſiſts of divers 
parts, yet it ſeems throughout to be formed of 
a thin and tender membrane, corrugated on the 
inſide, and full of reticulated or net-like folds 
or plaits. On the outſide it exhibits a ſmooth 
ſurface, and is expanded regularly, eſpecially 
when it is ſwollen or filled with food, or if it 
be artificially diſtended with air, by the help of 
a ſmall glaſs tube. No veins or arteries are 
ſeen in it, for the blood of theſe inſets is of a 
watry colour, and therefore does not diſtinguiſh 
the veſſels containing it from the other parts; 
this is the reaſon that theſe creatures were called 
exanguious or without blood, 

It is however obſerved, that the ſtomach & 
is provided with many tubes which reſemble 
blood-veſſels. But if they be well examined 
with a microſcope, it appears they are branches 
of the pulmonary pipes, Tab. XIV. fig. 1. a a, 
for they give little air canals, not only to the 
ſtomach but to all the external as well as inter- 
nal parts of the body. Hence, even the legs 
and their claws have air tubes. The inteſtines, 
Tab. XV. fig. v. joined to the under part of 
the ſtomach, appear to be threefold in regard 
to their form and ſtructure : there appear, 1ſt, 
the crooked or ſmall gut 4d; then ad, the 
colon e; and laſt, the rectum 7. Within the 
ſmall gut, ſomewhat further towards the hinder 

rts, are obſerved ſome lunated wrinkles, not 
unlike thoſe little vales of the ſmall guts in the 
human ſpecies, which the anatomiſts call annu- 
lares. A little below where the colon e, riſes out 
of the former, are ſeen ſeveral oblong furrows, 
which are very fine in the living creature, and 
reſemble ſo many long muſcular villi or hairy 
of the inteſtine, 
correſponding in ſome meaſure with the echi- 
nus, which is a natural part of the ſtomach 
of quadrupedes : then the rectum follows 
this, and is folded very elegantly, until it ter- 
minates at the external parts of the body with 

a pretty large orifice, through which the faces 
are diſcharged. 

The ſtomach c is ſituated between the fourth 
and fifth annular diviſions of the body, and 
there, together - with the ſmall gut, takes up 
the whole foremoſt region of the belly, that is, 
the 6, 7, 8, 9, 10, and 11th inciſions. But 
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the other three diviſions, namely, the 12, 13, 
and 14th, contains the inteſtinum rectum et 
craſſum, or the thick and ſtraight gut. As the 
ſtomach has a great number of ſmall air- tubes, 
ſo the inteſtines have alſo the fame, but moſt 
eſpecially the rectum, "which has vaſt numbers 
of them where its two muſcles, Tab. XV. 
fig. 1. i, which force out the excrements are 
ſituated. ” | oO OPER 
As the food of this Worm i mud or clay, 
the ſtomach' and inteſtines are uſually found 
filled with it. This mud is found almoſt always 
to ſhew itſelf both through the ſtomach and 
inteſtines, and indeed through the while body, 
but more particularly fo in the back. And 
hence, as the body is fo tranſparent, it follows, 
that the Worm does not appear to have always 
the ſame colour, fince the mud is ſometimes 
paler, ſometimes greener, and ſometimes more 
fleſh-coloured, as it is more or leſs digeſted or 
changed in the ſtomach and bowelss. 
As the time approaches when the Worm is 
to undergo its final change, and put on the 
form of a flying inſet, no more mud is found 
in its inteſtines. The ſame likewiſe happens 
in the Coſſi or Worms of Beetles, and in 
Worms and Silk- Worms, as alfo in other in- 
ſes, for they all at that time become clear as 


chryſtal. Some inſects are all their life-time ' 


tranſparent, ſo that their veſſels, the viſcera, 
and their motions may be at all times ſeen and 
diſtinguiſhed in the body. ** t 

Of the inward parts of the Ephemerus, the 
moſt worthy of notice are the pulmonary 
tube, and the aſpera arteria tracheæ or wind- 
pipe, Tab. XIV. fig. 1. 42 4, as it is called in 
birds and quadrupedes, and in the human ſpe- 
cies. This tracheæ does not proceed in the 
preſent inſect from a ſimple trunk, as in man 
or other animals, but conſiſts of two principal 
trunks, which are placed on each ſide of the 
body running in a ſerpentine manner, nor are 
they diſtributed in the breaſt only as in us, but 
throughout the head, belly, legs and wings, 
ſo that by, their means the ſtomach and inteſ- 
tines, together with the muſcles and nerves, are 
all ſupplied with air. As this appears to us 
a very wonderful thing, becauſe we do not 
underſtand the reaſon of »it, it moſt evidently 
teaches us how devoutly and religiouſly we 
ought to adore God in all his prodigious works, 
which are equally inexhauſtible and impene- 
trable. 

The pulmonary tubes “ in this inſect, as well 
as in the others that I have examined, conſiſt 
of 6anumerable little rigid and curled parts, 
which are artificially joined together like twiſted 
or ſpiral rings, and are ſo cloſely linked to each 
other by the help of their tender and delicate 
inveſting membranes, that they can eaſily re- 
tain the air, ,and convey it to all parts of the 
body, 


NATURE; or, 

"When the Worm changes its kin, I ſhould 
imagine that theſe pulmonary pipes likewiſe 
caſt their covering, h I have never hi- 
therto been able to ſee it; for at the time when 
began theſe experiments no ſuch thing ap- 
peared to me. The change or caſting of * 
nein of theſe pipes is ſo remarkable in Silk- 
Worms, that it amazes the underſtanding; for 
in the very ſhort ſpace of time wherein that 


creature caſts its skin, ſome hundreds of theſe 


pulmonary pipes in the inſide of its body, caſt 
alſo their tender little skins, which are all com- 
pounded of ſuch twiſted rings. | 2 

The colour of theſe pulmonary tubes or 
pipes is like that of mother-of-pearl, but ſame-. 
what inclining to gray; but the more frequęntly 
the skin is changed, it becomes by d of 
a clearer and more tranſparent idee. They 
are therefore much whiter in the flying crea- 
tures than in the Worms which precede them. 
They are diſtributed through the whole body, 
in order to convey the air, which they carry as 
well to the internal as external parts of the 
inſect. Hence theſe two moſt conſiderable and 
remarkable tracheæ, Tab. XIV. fig. 1. 4 4, 
which are placed in the Worm on each ſide of 
the body, diſtribute their ramifications and 
branching air- pipes all over it; that is, in the 
head towards 4 nerves and brain 63; in the 
thorax cc to the muſcles of the legs and wings; 
in the abdomen 4d dd to the obliquely aſcend- 
ing and ſtraight muſcles, as alſo to the ſpinal 
marrow eee; and to the ſmall guts or ſeminal 
veſicles ff of the male; to the hairy bran- 
chiz or gills g g; to the ſtomach, Tab. XV. fig. 
v. c, and the inteſtines, Tab. XIV. fig. r. 5; 
to the ſkin 777; to the coat of the wings & R 
to the ovary, Tab, XV. fig. I. //: in the fe- 
male alſo to the coat that inveſts the ovary nn 
to the eggs themſelves. fig. vii. 2, as is ſeen 
when they are taken ont of the body, and even 
to the heart itſelf. Fig. 1v. 00. r. 

I have found it a difficult matter to diſcover 


the external aperture of theſe pulmonary pipes, 


fince they do not open into the mouth or throat, 
as in other creatures. For which reaſon the 
nearer they approach the head, the ſmaller they 
become, when it would be natural to ſuppoſe they 
would become larger and more capacious. At 
length, after repeated inveſtigations, I perſwade 
myſelf that I obſerved that the little apertures 
or entrances of theſe pipes opened underneath 
in the ſide of the breaft ; almoſt in the ſame 
manner as I afterwards diſcovered them alſo in 
Locuſts, in which laſt mentioned inſect theſe aper- 
tures may be eaſily ſeen. But as the Ephemerus 
lives in water_and mud, therefore its trachez 
muſt be opened by narrower orifices, on which 
account” it is more difficult to diſcover them. 
From theſe experiments it appears moſt 
evident, why the Worms of the Ephemerus or 
Day-Fly, when the water of the river increaſes, 


The doctrine of theſe pulmonary tubes in inſets has been confirmed by all ſucceeding obſervations : the latter authors only 


have changed the names of theſe veſſels, and their openin 


on the ſurface of the body. They call the tubes trachez, and 


the apertures on the ſurface of the body, which this author terms puncta reſpiratoria, they call ſtigmata. This laſt term, 
though more modern, is exceptionable ; for ſtigmata is uſed in botany to expreſs the heads of the ſtyles in flowers, and pure 


philoſophy condemns this equivocal uſe of terms, 


riſe 


ikewiſe higher, and go to other cells, for 
me uently want freſh air to breathe. 


for they would then become too dry, 
and their cells or habitations would be dried and 
— pipes hitherto deſcribed 


putrefy: hence they alſo retain at that time their 
form and roundneſs. 

If the breaſt and belly of theſe worms be 
viewed with a microſcope, the whole abdomen 
is ſeen to be inter woven with white filver-co- 
loured veſſels. In order to diſcover whether 
there be really any air in theſe veſſels, they muſt 
be put into a little of water, and preſſed 
with the point of a e, for thus the encloſed 
air will immediately ſhew itſelf. When theſe 
inſects are diſſected under water, and ſome of 
the pulmonary pipes are cut off with a fine pair 
of ſciſſors, they immediately riſe to the ſurface 
of the water; the ſame thing may be ſeen about 
their broken ramifications, the extremities. of 
which are then carried upwards. In a. Worm 
that has been dried, having been divided 
in the middle, theſe air-pipes are moſt eaſily 
diſcovered, becauſe they — in that caſe re- 
main open from the force of their curled rings, 
though all the other parts grow perfectly 
hardened. | 3 
Amongſt the many things which may be 
obſerved concerning theſe pulmonary tubes, it 
is particularly worthy of notice that ſo great 
a number of them are diſtributed towards the 
branchiæ, Tab. XIV. fig. 1, or gills, ſo that 
three principal branches p pp of the air-veſlels 
may be ſeen in thoſe which I have repreſented 
as cut off: the middle one of theſe branches 
is alway blackiſh q q, except in the centre of 
it, which is whitiſh and tranſparent ; the other 
two run on either fide of the middle black one, 
and diſtribute a large number of ſilver- coloured 
veſſels ggg through the branchiæ or gills. Theſe 
veſſels are not well diſtinguiſhed by their co- 
lour, becauſe the ſix branchiæ or gills, Tab. 
XIII. fig. iv. /, through which they are con- 
veyed from each fide of the body, are white 
and very tranſparent. Under theſe, on each 
ſide, are obſerved five rowing fins, Tab. XIV. 
fig. 1. rr77, of a yellow colour, by the help 
of which the Worm ſwims, : 

I made during my diſſections ſome further 
obſervations on thoſe branchiz and their veſſels, 
but as I do not know where the papers are, the 
obſervations have alſo entirely ſlipped out of my 
memory. Hence I am ignorant what uſe that 
feathered little part ss is of, which is ſeen un- 
der the firſt as yet entire pair, and whether 
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it be likewiſe found about the other branchiæ 
or gulls. Neither do I know the proper com- 
munication. between theſe branchiæ and the air- 
pipes, Tab. XV. figs iv. oo, between the latter 
and the heart T. I cannot therefore ſay any 
thing more with certainty concerning them 
than what may be gathered from the figure. 
I omitted, to prevent confuſion, delineating 
in this all the air-pipes which are about the 
heart, having exhibited ſome of them only 
entire, and others cut off or broken v uv. | 
Indeed, in my figures I have not always ob- 
ſerved the proportional magnitude of the parts, 
ſince I looked upon that as a work of great 
labour and little uſe, and therefore I have not 
ſerupled ſometimes to delineate one part larger 
than another. Beſides, I never intended to pub- 
liſh theſe experiments, without being firſt re- 
viſed; and this I have afterwards thought the 
more neceſſary, becauſe from that time I ac- 
quired a greater knowledge of the parts of theſe 
inſets, and became more capable of aſcertain- 
ing their anatomy, I hope the benevolent 
reader will kindly pardon the imperfections of 
this work, which I muſt confeſs are innumer- 
able; for what man is able to deſcribe, even 
with the uninterrupted labour of many years, 
all the miracles that are to be met with in this 
little inſet. + 
The heart, Tab. XV, fig. Iv. r, is found 
to be placed in the upper part of the body in 
the back, as it is in Silk Worms, Bee Worms, 
Coſſi, or Worms of Beetles, Caterpillars, and 
other inſets of that nature. It is ſomewhat 
otuberant xxx x in ſeveral places, and it is ſo 
in Silk Worms alſo, as has been obſerved by 
the diligent Malpighius. But this author does 
not ſeem to me, as far as I can learn from my 
own experiments, to have fairly from this drawn 
his concluſion that this inſect has more hearts 
than one. I have diſcovered the motion of the 
heart but very inaccurately in the Ephemerus, 
and only in that part of it which I here repre- 
ſent in the figure; but I have entirely forgot, 
againſt which of the annular ſections it was 
placed in the back. | 
The ſpinal marrow, Tab. XIV. fig. 1. y y , 
is wonderful and very worthy of notice .in this, 
as it is in all other inſets that I have diſſected ; 
it conſiſts as of eleven knotty tubercles, ſome- 
what long and oval. The firſt of theſe knotty 
little parts ſerves inſtead of a brain, out of 
which“ * the optic nerves may be very diſtinct- 
ly ſeen to ariſe and ſpread themſelves, In 
the ſame manner I have obſerved, that the reſt 
of the nerves iſſue from the ten ſubſequent 
little knots ; but theſe that ariſe from the lower 
knots, are not ſo numerous as thoſe ſtom the 
upper. The ſpinal marrow is moreover found 
to be here and there beautifully ſtrengthened 
with ligaments 2 2, which are compoſed partly 
of a ſtrong horny ſubſtance, and partly of tendi- 
nous wreaths or faſciæ. This is the caſe in the 
breaſt in particular, for there the ſpinal marrow - 
ſends out a great many nerves to the muſcles, 
4 4, f, which move the legs and wings Ar 
me 
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ſame thing happens about the muſcles of the 


branchiæ, Tab. XIV. fig. 1. ce, and rowing fins. 
From each little knot, Tab. XIV. fig. I. ee, 


of the ſpinal marrow, there conſtantly iſſue 


two ſtronger nerves, which unite and become 
more ſwollen when they approach the ſubſe- 
quent nerve; for which reaſon the ſpinal mar- 
row appears every where divided and open. 
But while it is in its ſtate of nature contained 
within the body, that gaping does notappear; be- 
cauſe the ner vesare there only ſimply contiguous 
to each other, and do not therefore appear to be 
far diſtant from each other; as I have ſhewn 
in the ſixth figure, Tab. XV. in which the 
ſpinal marrow, as it is naturally contained in 
tha body, and the fourteen annular inciſions 
of the creature wherein the marrow lies are 
delineated. 

If any one has a mind to view the ſpinal 
marrow, without hurting or injuring the crea- 
ture, let him fill the body with air blown in 
through the hinder part: for thus the marrow 


will be by the force of the. ſwollen inteſtines 


ſo ſtrongly preſſed againſt the tranſparent skin, 
that one may conveniently view its natural 
ſituation and form, even with the naked eye, 
as well as with a microſcope. But this con- 
trivance can be uſed in the males only. 

The ſpinal marrow, as well as the other 
parts of the creature, has its air-pipes, and in- 
deed a great number of them; ſo that the 
brain and nerves are continually as it were ven- 
tilated with injected air. I do not doubt but 
the marrow has veins and arteries, though I 
never ſaw them ; for in Silk-worms I have 
clearly ſeen various ſmall veſſels ſpring from, 
and approaching to the heart, which I have 
even filled with a coloured liquid, But whe- 
ther they were veins or arteries, I cannot yet 
affirm. 3 

The ſpermatic veſſels, Tab. XIV. fig. 1. 
or genital organs, are as conſpicuous in the male 
of theſe Worms, the day before it changes its 
skin, as in the male Ephemerus, or the Fly 
thence produced after changing its coat. Theſe 
ſpermatic veſſels are found to be placed on each 
de of the ſtomach and inteſtines, and appear 
like the ſmall guts in Fiſh. There are, how- 
ever, ſome bendings and windings in them, 


| like the ſeminal veſicles in the human ſpecies 


and they are found in manner of tubes : there- 
fore, in this reſpect, they are alſo analogous 
to the ſpermatic veſſels or ſome quadrupedes, 
as Moles, Hedge-hogs, and the like. They 
are in theſe, Worms of an oblong figure , 
and are extended all over the belly, as is evi- 
dent from the annexed figure, wherein I ex- 
hibit one of them taken out of the body, and 
the other ſomewhat larger than nature in it. 
They contain in their cavities a very white 
humour like milk, which is the ſperm. The 
ſeminal veſlels themſelves are likewiſe perfectly 
white, and they are of a thin and membranous 
texture, and have many air-tubes all over them 
both within and without. | 


In the lower rings of the abdomen appear 
two other little parts dd, which likewiſe in 
my opinion belong to the ſpermatic veſſels; 
for they ſeem to have a common with 
them and with the inteſtines, Tab. XIV. fig. 
1. 4; which however I could not at that time 
ſo accurately diſcover, being engaged in other 

of this diſſection. And indeed we muſt 
diſſect a great number of theſe inſects, if we 
would endeavour to diſcover the whole fabrick, 
ſearching in another what we could not ex- 
amine to our wiſhes in the former ; and even 
with this caution we cannot always execute 
our defi rfectly. ry 2 

The Gy 1 Gable in the females, Tab. 
XV. fig. 11. and it is placed in the ſame 
manner as the ovary in Fiſhes. But if the skin 
of the abdomen be opened a little way with a 
fine and ſharp- pointed pair of ſciſſors, that con- 
geries or heap of eggs, fig. 1. I/, ſituated on 
each fide of the ſoft part of the belly, comes 
in ſight. Between theſe, in the middle, the 
ſtomach and inteſtines 'Ff are ſomewhat ob- 
ſcurely ſeen through the other parts, and the 
latter are themſelves ſtrongly connected with 
the membranes m of the ovary. The ſto- 
mach and little inteſtines appear the more 
plainly, the more they are fl ed with mud, 
which is the food of the Ephemerus ; and for 
this very reaſon the eggs may be ſeen alſo more 
beautifully ; for their whiteneſs, ſhewing itſelf 
brighter on account of the diverſity of colours, 
makes them the more diſcernable. | 

The double ovary of the Ephemerus has in- 
numerable air-pipes, which are tied to a ſmall 
membrane that ſurrounds the ovary; and by 
means of the latter they are conveyed to the 
little eggs hidden on theinfide. But if this 
membrane be removed with the point of a fine 
needle, and ſome part thereof put together 


with the eggs into a ſpoonful of water, the 


eggs immediately ſeparate from each other, 
and there remains a fine, delicate and tender 
bundle of minute veſſels, fig. vii. g, which I 
take to be moſtly air-pipes, being like fine fila- 
ments, and conſpicuous by their colour like 
mother of pearl. 
The eggs are likewiſe ſo extremely ſmall, 
fig. 11, that they can ſcarce be ſeen. It is there- 
fore neceſſary to view them with a good mi- 
croſcope, and to put them on black or blue 
aper, which contributes to their being the 
tter diſtinguiſhed. | 


The eggs are of a plain round and oblong 


figure, and are ſurrounded with a tolerable 
firm membrane, which appears cloudy under 
the microſcope, and they are of a white colour, 
like the inner skin of an egg-ſhell. Since 
therefore the eggs of the Era are ſo 
ſmall and delicate, the reaſon is evident, why 
the Worms iſſuing from them muſt be in- 
creaſing three years before they come to per- 
fection, and are able to commence r 
change. 
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F: VII. 


The figns by which to diſcover, harder the Ephemerus is to fly in a ſhort time; 
as alſo what may prevent it, and to what claſs or order of natural changes 


it belongs. 


HE general preceding ſigns of the * 
ere change of the Worms of the 
Ephemeri into flies, are, in regard to the wea- 
ther, a warm and dry ſpring; a mild winter, 
without much rain or ſnow ; and a gently 
running water. The peculiar figns whereby 
to know that theſe Worms will change into 
Flies in a ſhort time, conſiſts in a protuberance 
of the wings on the back; for about that time 
the ſmooth and depreſſed form of the upper 
part of the body is changed into a more ſwollen 
and rounder ſhape ; that is, that glutinous 
fluid which is at other times found in the coats 
that ſurround and defend the wings, becomes 
thicker and more clammy : hence it 1s, that 
the wings are at that time in ſome degree viſi- 
ble through their external skin, Tab. XIII. 
fig. vII. 44. 

Theſe ſigns are more certain when the co- 
lour of the wings within is obſerved to change 
from a yellowiſh and paliſh to a grayiſh hue. 
There is alſo a ſtill greater certainty, if, after 
the external coat of the wings is taken off from 
the inſect's body, the wings can be expanded 
without hurting them : as appears in* Tab. 
XIV. fig. 1. under the letters ; where I 
exhibit the magnified wing, and as it is art- 
fully folded by nature. 

Another ſign likewiſe preſents itſelf in the 
diſſection of theſe inſets : that is, when we 
find the genital parts and eggs have acquired 
their full bigneſs, their due hardneſs, and true 
figure. We. may then take the whole creature 
out of its skin, by art, and by this contrivance 
change it into the form of a flying Ephemerus 
ourſelves, not waiting the moment of nature, 

All the viſcera of this inſect are then cleared 
from their contents, which were a kind of 
dirt; nor is there any thing in the ſtomach 
and inteſtines but tranſparent and depurated 
humours, which appear the more dusky, foul, 
and coloured, the further the time of the 
change is diſtant ; ſo that they are ſometimes 


G Re 


yellowiſh, and ſometimes dusky and red. At 
other times a little mud is found in the extre- 
mity of the thick and ſtraight gut and colon ; 
but, on the contrary, theſe inſects are all over 
clear and tranſparent, when the time of their 
change is juſt at hand, 

The following accidents keep back the 
changes of the Ephemerus, deſtroy its life, or 
prevent its growth; inſomuch that fo great 
numbers of theſe inſets are not produced as 


might be expected; nor do they come to ſuch | 


maturity. An inclement, boiſterous, tem- 
peſtuous, long, rainy and ſnowy winter, de- 
ſtroys numbers. By this the cells inhabited by 
the Worms are deſtroyed, being worn out, or 
ſhut up and covered with ſand. Too much 
drought or dry weather afterwards occaſions 
the ſame deſtruction; for they are then com- 
pelled to quit their little cells, and make them- 
ſelves new ones from the decreaſe of the wa- 
ter; and many are loſt in this operation. 
From what has been ſaid, we may eafily ſee 
what favours and what injures the Ephemerus ; 
what leſſens it troubles and misfortunes, and 
what increaſes and multiplies them, . 

What I have a little before advanced con- 
cerning the maturity of the wings, ſhews to 
which of the orders of the four natural tranſ- 
mutations this inſect belongs; that is, to the 
ſecond claſs or order. For all the inſects of 
this order are changed in the ſame manner as 
the Ephemerus. 

Indeed, Clutius feigns that the Worm of the 
Ephemerus is changed into a Nymph of the 
third order, and on this loſes all its motion, 
like the Nymphs of Silk-worms ; he even ex- 
hibits a figure of that Nymph, though there 
is no ſuch thing in all nature. Hence it is evi- 
dent how much they are deceived who neglect 
the truth of experiments, and give credit to 
their own reaſonings, or to the falſe relations 
of others. 


5 VIII. 


H, ow and in what a wonderful manner the Worm is transformed into an 


Ephemerus. 


W HEN the time of the change of the 
Worm of the Ephemerus is approach- 


ing, and the wings, Tab XIII. fig. vII. aa, 
hidden in the caſes or huſks, have acquired 


0 


their due ſtrength and form, and that it is no 
longer in the power of the Worm to delay its 
change; thoſe which have their parts thus diſ- 
poſed and prepared, march out of their habi- 

g tations 
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tations into the water. 'This uſually happens 
in the evening between fix of the clock and 
half an hour after. This I obſerved on the 
thirteenth of the month of June, in the year 
1671, purſuing the change of the Worms of 
the Ephemerus. 

The other Worms, which are not as yet 
come to this ſtate- of growth, remain in their 
cells. Thoſe which have crept into the wa- 
ter move forward, and.make all the haſte they 
can from the bottom to the ſurface ; which, 
when ſome more e and others more 
ſlowly are arrived at, each of them, fig. vII. 
is changed into a winged inſect, fig. vi. and 
viii. But this change or caſting of the ſkin 
is ſo ſuddenly performed, that even the moſt 
attentive perſon cannot otherwiſe judge, than 
that the Worm breaks or burſts its way and 
ſwiftly flies out of the middle of the water. 

Every inſe& that I have hitherto obſerved 
has a certain and determined time appointed 
for it by the omnipotent God, to expand its 
wings and dry them, that they may become 
ſmooth and poliſhed, before they are able to 
prepare e for flight. But the Ephe- 
merus, on the contrary, is almoſt at one and the 
ſame point of time a __ and a flying crea- 
ture. Wherever one ſees at this time a little 
water bubble up, if we caſts our eyes on the 
ſurface, there is immediately a winged inſet 
obſerved to iſſue out of the middle of the 
water. Argus would want eyes, if he ſhould 
attempt to trace theſe miracles of the adorable 
Creator of the univerſe. 

If any one goes into a boat and fixes in a 
ſituation directly againſt the deſcending ſtream 
of a river, then he may very well ſee theſe 
inſects emerging or riſing up, and caſting their 

skin. For, though you ſhould as ſoon as poſſi- 
ble catch the Worm {till floating on the water, 
yet you can ſcarce look at it before it is winged 
and flying. This may however be prevented, 
and the Worm taken out of the river before 
the change is performed, if it be ſtruck a little, 
or bruiſed on the breaſt ; which is neceſſary to 
be done, if one would view the creature at 
this period not yet changed, but covered with 
its skin. | 

It is difficult to ſay what is the reaſon that 
theſe wings are ſo ſwiftly expanded, and yet 
have neither muſcles nor joints in them, but 
only artificially plaited and folded ; nay, they 
muſt again change their skin the moment 
after. This difficulty ſurely is very worthy to 
be ſolved. I indeed thought it neceſſary that 
theſe wings ſhould be provided with muſcles 

and joints in the ſubſtance of them, as we 
have obſerved in many other inſects; for the 
latter can by the help of ſuch joints and muſ- 
cles very artificially contract their wings into a 
narrow compaſs, and again quickly unfold or 
diſplay them. This Holds, amongſt the reſt, 
in Ear-wigs, which hide or put up very long 
wings in a ſmall ſheath, which folds and co- 
vers them ſo neatly, that they ſeem to be quite 
deſtitute of wings. But though the Ear-wigs 
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can by the power of muſcles and joints, which 
the ths in the middle of their wings, cloſe- 
ly fold theſe wings in the ſame manner as in 
the Ephemerus, which has not yet gone through 
its change, and again quickly expand them; 
and though I thought the Ephemerus-was in 
need of the like aſſiſtance, 
Architect has not been pleaſed to make uſe of 
the ſame ſtructure; and it appears that even 
this ſtructure was not neceſſary. - | 
If the trials that I have hitherto made can 
throw any light on this inſtantaneous expanſion 
of the wings, it muſt eonfiſt in this; that I 
think the water, which is warmer on the ſur- 
face than in the bottom of the river, flowing 
all over and penetrating into the wings, con- 
tributes very much to their expanſion. For by 
the aſſiſtance of the water, the blood which 1s 
then driven out of the heart into the wi 
in order to promote this needful expanſion, 
may be impelled with greater force, in the 


' fame manner as we ſee the blood is, by the 


help of hot water, drawn more plentifully into 
the feet, and thoſe parts are more diſtended 
when any one is blooded in the foot. Thus, 
becauſe the blood and all the humours in this 
inſet, when it gets into the water ſwims 
about and is employed in changing its skin, 
are. violently moved ; hence the furrounding 
water may be of great ſervice to impel the hu- 
mours contained in the wings, ſo that they 
may be more expanded. Wherefore we like- 


wiſe obſerve that in the wings of inſeQs, if 
wounded at that time, there follows a mortal 


hemorrhage, or if the creature ſurvives, the 
wings are never afterwards diſplayed. To the 
more ready expanfion of theſe wings, the im- 
pelled air likewiſe probably. contributes 

much, becauſe it is conveyed thither th 

the numerous pulmonary tubes, and may ſerve 
for giving ſtrength and firmneſs to the pulmo- 
nary pipes, and for expelling the humour 
from thence. If you cut off the wings of the 
Worm of the Ephemerus when it is very near 
its change, and throw them into a baſon of 
water, you will immediately ſee them expand- 
ing by force of the water flowing round them, 
and at length extending themſelves into their 
natural, ſmooth, and even ſurface, ſo that they 
would ſerve the creature to fly, if they were 
dry and ſtrong enough. I have often made 
this experiment on the wings of this inſect, 
and by that means have in ſome meaſure learned 
how they are expanded. When I have put 
them in the water, in the manner beforemen- 
tioned, I have obſerved that their larger folds 
were firſt opened, Tab. XIV. fig. 1. 26 6, and 
then, by degrees, the wings were ſtretched out 
in length, Tab. XIII. fig. 1x. Afterwards the 
longitudinal plaits of the wings were expand- 
ed, fig. x. until at length the whole wings, 
fig. x1. were entirely ſhewn open. This may 
be ſeen in the inſect itſelf, fig. vir. which 1 
have delineated from the life; but the figures of 
the wings beforementioned are drawn with 
the help of a microſcope. So long as the wing 


yet the ſupreme 
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tinve in their plaits and folds, they are of 
* ah ray colour; but this by degrees becomes 
more faint when they are expanded. 

When the Ephemerus has, fig. vi. and v111. 
taken its firſt flight, it ſeeks out with all ſpeed 
for ſome place where it may quietly reſt ; and 
having found ſuch a one, it caſts off, fig. 
XII. and X111. a very thin and tender skin 
from its whole body, that is, from its head, 
breaſt, belly and wings. But before I treat of 
this other change of the skin, I muſt ob- 
ſerve that it is al ways made on dry land, 
whereas the former is conſtantly performed in 
the water. And the firſt change is likewiſe 
much more admirable and worthy of obſerva- 
tion than the ſecond. When the Ephemerus 
firſt caſt its skin or outward coat on the ſurface 
of the water, it at that time entirely loſes its 
former ſhape ; but this is not the caſe in the 
ſecond changes 

Therefore under the firſt of theſe changes, 
in which the skin of the Worm opening on 
the head and back, ſuddenly is ſeparated from 
the body, until the Fly ſpeedily and quickly 
makes its way from thence, ſome very 
conſiderable parts are loft, that is, fig. Iv. 

, all the branchiz or gills on each fide, 
together with the ten rowing fins under them. 
Nay, when theſe branchiæ are ſeparated, they 
do not leave even their hairs upon the body, 
but all vaniſh away ſo entirely, that only ſome 
ſmall 2 or points remain of them, which 
form a little margin or border on the ſides of 

. e E emerus loſes alſo its teeth 
or forceps c, and the former ſhape dd of its 
legs, and the caſes of its wings e, and tails g, 
and other parts. Hence the Ephemerus having 
gone through this change of its skin, is become 
as it were another creature. fig. v 1. and v111, 
But as it is very difficult, perhaps impoſ- 
ſible to obſerve all theſe things in the very ſhort 
ſpace of time in which the skin is caſting, any 
perſon may do this at his leiſure, if he gently 
and dextrouſly ſtrips the Worm, that is to 
change immediately, of its skin. For then the 
parting branchiæ or gills, which adhere to the 
exuviæ or caſt skin of the Worm, are ſeen very 
plainly : there likewiſe appear thoſe prominent 
apiculi or points they leave on the body of the 
Ephemerus itſelf; nay, you may likewiſe ſee 
thoſe little holes which received the apiculi or 
points juſt mentioned. The pulmonary tubes 
may be likewiſe ſeen, Why ſhould I fay any 
thing of the muſcles, tendons, veſſels, and 
nerves which are ſeparated from their mem- 
branes, like ripe fruit falling from a tree? for 
neither reaſon, obſervation, nor experience can 
diſcover any thing of them, ſince they are all 
directed by the omnipotent wiſdom and provi- 
dence, and conducted in ſuch a wonderful 
2 that they are altogether incomprehen- 

ble. A 

Again, though many parts of the Worm of 
the Ephemerus are extended and become longer 
under the firſt change of its skin, yet the 
horns which project from the fore part of the 
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Worm's head only caſt their skin, and when it 
is off they become more ſlender and ſhort in the 
flying Ephemerus than they were in the Worm 
itſelf. The change that happens about the eyes 
merits yet greater attention, for their cornea 
tunica which was of a ſmooth and equal ſurface 
in the Worm, ſeems in the Ephemerus, after 
caſting its skin, to conſiſt of a congeries of 
many eyes, which form a little net equally di- 
vided. The legs likewiſe, together with two 
of the tails, become as long again by the 
change : but the third or middle tail is entirely 
taken off, having ſerved no purpoſe but to the 
Worm. 

When I ſay the two eyes of this creature are 
compoſed of a congeries of leſſer eyes, fix, nay 
ſeven thouſand of which I have obſerved thus 
cluſtered together in ſome inſets, whereas in 
others, as Spiders and Scorpions, they are diſ- 
perſed all over the body; I would not have any 
one conclude from thence, that theſe eyes are 
formed as they are in the human ſpecies and 
other known animals. They are by no means 
ſuch, for they want the humours ; but every 
globular diviſion of them emits an hexago- 
nal filament like a needle, which terminates in 
the net-like tunic or coat of the eyes, and this 
coat itſelf ends at the nerve and brain: ſo 
that theſe creatures ſee in a different manner 
from us. We ſee by the aſſiſtance of rays col- 
lected on the inſide of our eyes, but theſe per- 
form viſion by a collection of nervous fila- 
ments, which, when they ſee, are lightly and 
gently affected and moved in their prominent 
extremities by viſible objects, and by the rays 
of light or colours and other appearances, as I 
have deſcribed at large, and expreſſed in figures 
in my treatiſe on Bees. | 

As to the ſucceeding change of the skin of 
the Ephemerus, which immediately and without 
interruption follows the firſt, we are to ob- 
ſerve therein, that the Ephemerus having once 
caſt its skin, chooſes no particular place to reſt 
or ſettle in, in order to undergo the other. 

It fixes upon any place it can find in its flight, 
and it does not regard whether it be wood, 
ſtone, earth, a tree, a boat, a ſhip, a beaſt, or 
a man. It ſeems to be a moſt innocent little 
creature indifferent to every thing, ſo that it 
can reſt any where, in order to caſt off this 
ſecond skin, which is done in the manner fol- 
lowing, 

The Fly firmly and ſtrongly faſtens its legs, 
which are armed with ſharp claws for that 
purpoſe ; then it appears as if ſeized with a 
ſhuddering and trembling motion, and imme- 
diately its skin opens on the middle of its back 
in the ſmall ſhield that is placed there: this 
opening becomes by degrees ſo large towards 
the fore parts, that the creature can thruſt its 
head out of it. After this it draws its legs alſo 
out of the skin, Tab. XIII. fig. x11, x111. 
whilſt the claws, adhering to the caſt skin, are 
in the mean time ſtill firmly fixed in their 
places; and this indeed contributes much to re- 
move the skin from the reſt of the body. 


Moreover, 
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Moreover, it muſt be well obſerved, that the 
head and legs are ſtript of their skin in the 
ſame manner as we draw our feet out of our 
ſhoes, or our head out of a narrow cap. But 
as to the other parts, namely, the firſt and ſe- 
cond pair of wings, the skin is drawn off from 
them in ſuch a manner, as that the infide is 
turned out and the outſide in, as we invert a 
limber pair of gloves, the inward ſurface or 
inſide of the fingers being pulled out. At the 
time when half the skin is drawn off the wings, 
theſe inſets are as helpleſs captives, and fixed 


in that condition, fig. x11. they even lie for 


ſome time without any ſenſible or remarkable 
motion, The reſt of the body is likewiſe by 
this ſecond change extended and becomes much 
longer, and the tails become a third part longer 
than they were after the firſt change. So that 
the tail and legs which were made, under the 
firit change, 'a third part longer, are now again 
as much more lengthened ; but this holds more 
perfectly in the tails than the legs. For, as the 
tail conſiſts of hollow rings which are capable 
of being drawn out from each other, hence its 
extenſion is much more conſpicuous than that 
of the legs, becauſe the latter only lay folded 
in the skin, but are now extended fully to their 
length, and nothing more. Tt is moreover 
to be obſerved in regard to the tail, that its 
hairs, which were planted very thick in the 
Worm of the Ephemerus, are placed more re- 
mote from one another when it flies, and they 
alſo become much finer and thiner, ſince they 
likewiſe caſt their skin twice, and appear iſſuing 
out of their hairs as out of little ſheaths, 

The Ephemerus having thus partly ſhaken and 
partly drawn off its skin, by inverting or turn- 
ing it inſide out, being now perfect, ſeeks 


again the water, on the ſurface of which it flies- 


and beats up and down gently and quickly, 
and, as it ſeems, wantonly {ſports and plays, 
and then reſts again, leaning on its tails, and 


ſtriking its wings againſt each other. Whilſt 
the Fly is thus in motion on the ſurface of the 


water, and looſely playing with its wings, its 
tail, which is hollow and full of hairs, very 
ealily ſupports the body; for, as it contains air 
in it, it is therefore carried lightly upon the 
ſurface of the water, and does not ſink under 
it. Something like this is obſerved in ſeveral 
other inſects, which will continue in the fame 
manner, ſuſpended on the ſurface of the water 
by the help of hairs, within and between 
which the air is detained, as is the caſe in the 
Worms out of which Gnats and Gad-Flies are 
produced. The air, however, does not always 
continue in the tails of the Ephemerus, but 
ſometimes comes out of it, and may at any 
time be let out if they are pricked with a nee- 
dle, in order to dry and preſerve them ; for 
then they generally become corrugated or wrin- 
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kled, and fink or fall together. There is alſo 
another reaſon why the Ephemerus flies thus 
lightly on the ſurface of the water, and that 
is, becauſe it carries a ſmall bladder full of air 
in its body; unleſs we ſhould rather incline to 
think that it is the ſtomach of the Ephemerus, 
which is then inflated or blown up with air. 
But I ſhall affirm nothing certain concerning 
this matter, ſince it is not ſufficiently clear to 
myſelf. | | 

The male, fig. vr. as appears to me, changes 
its skin twice, but the female, fig. viII. only 
once. I do not, however, advance this as un- 
doubted truth, fince I have not yet confirmed 
it by a ſufficient number of experiments. For 
this reaſon, if it be thus, we obſerve that the 
tails of the female are a third part ſhorter than 
the tails of the male. Eeſides, another more 
remarkable difference is, that the eyes in the 
male are twice as large as in ti female. A 
third difference is, that the yellow colour of 
the body in the male approaches more to red 
than in the female. The male likewiſe has, 
beſides his two larger tails, four appendages, 
like crooked little tongues, which cannot be ſo 
diſtinctly ſeen in the female. Theſe are, the 
great differences of the two ſexes. 

The Ephemerus does not engender either in 
the body of the water, or on land, nor in the 
air, but the female throws out her eggs on the 
ſurface of the water, and the male afterwards 
caſteth his ſperm upon them *, and he has 
probably, for this purpoſe larger eyes given him 
by the all-ſeeing Creator, that by means of this 
advantage he may eaſily find out the eggs of 
the female wherever ſhe has dropped them. 
As therefore a great many ſpecies of fiſh with- 
out coition throw out their eggs into the bot- 
tom of the water, to be afterwards impreg- 
nated by the male, ſo the Ephemerus throws 
its ſperm into the water. Theſe eggs, when 
caſt out, are not collected and concreted toge- 
ther in the form of a perfect ovary, like 
that which the Ephemerus carries in its body, 
but are ſeparated and diſperſed from each other 
as they are in fiſh. That the Ephemerus while 
a Worm does not perform the buſineſs of coi- 
tion in the water, 1s manifeſt from hence, that 
it does not come out of its cells only at the 
time it is to caſt its skin. Nay, if it ſhould 
go out of them, as it ſometimes does through 
neceſſity, or to breathe freſh air, yet it is by 
no means able to do any act to propagate its 
ſpecies in the water, for it cannot remain ſuſ- 
pended in the water but while ſwimming, and 
it ſinks immediately to the bottom when it has 
a mind to reſt in it: but at the bottom it has 
no fixed reſidence till it has made a new cell or 
habitation for itſelf, To theſe we may add 
another, the ſtrongeſt argument of all, that is, 


that no inſect ever enter upon the buſineſs of 


This, though common with fiſh, is ſtrange among the inſe& kind; but in the whole compaſs of natural hiſtory nothing is more 
variouſly performed than the impregnation of the eggs, nor any 2 little underſtood; it ſeems, they may not only be impreg- 


nated by a male ſperm caſt upon them when laid by the female, 


ut even by the ſame fluid caft at random while they are yet 


in the body of the female. Monſieur Demours is particular in his obſervation of the water Newt, the male of which has no 


penis, but diſchar 


are fo impregnated, 


H 


ges his ſperm in the water near the female, whoſe eggs, though none of the ſperm abſolutely enters her body, 


generation, 
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tion, until they have caſt their laſt skin. 
At leaſt, I have been taught fo by all the ex- 
perience I have had in their examination. 
Neither do the Ephemeri breed or engen- 
der in the air; this may be eaſily obſerved when 
they fly. Beſides, they could not poſſibly breed 
in the air, becauſe the legs of the males are fo 
vaſtly lengthened after the laſt change of the 
skin, that Clutius took them for horns. Thoſe 
who would favour ſuch an opinion, muſt con- 
ſider what an apparatus is neceſſary for ſuch 
coition in the air ; as may be ſeen in thoſe Flies 
which do it, and particularly in the Libellæ, 
which perform. their venereal embraces in a 
wonderful manner, flying and wandering all 
the time in the air, viſibly coupled a long while 
together. 
I therefore conclude- from all my obſerva- 
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tions, that the Ephemeri never engender 
together, either in the air or water, but that 
the female only throws her eggs on the water, 
and the male afterwards pours its ſperm, which 
it carries about it flying, as the female does its 
eggs, upon them; ſo that this operation is 
performed without any communication of the 
two ſexes. All theſe things are haſtily tranſ- 
acted in the ſhort period of a moſt tranſi- 
tory life, {0 that a more accurate inquiry into 
them cannot poſſibly be made. 

Theſe little creatures do not eat in the whole 
courſe of their lives, while perfect flying crea- 
tures, as is alſo the caſe with many other in- 
ſets. I have likewiſe found by experience, 
that Frogs, Lizards, Serpents and Cameleons, 


are capable of living without eating many weeks; 
nay months. 


2 IX. 


How long the Epbemerus lives, and what haſtens its death. 


& & HE Ephemerus thus flying about and 

wandering over the ſurface of the wa- 
ter, and moving ſometimes up and ſometimes 
down through the air, never lives more than 
four or at moſt five hours, that is from fix of 
the clock in the evening, or half an hour after, 
until eleven at night. This I ſay from experi- 
ence, becauſe I have carried ſome of them en- 
cloſed in a box into my chamber, and there 
accurately obſerved the 7 of their lives. 
All die in this very ſhort ſpace of time, nor 
do any of them, which is a matter very wor- 
thy of obſervation, die a natural death on land. 
All of them invariably go to the water again, 
after they have gone through the ſecond change 
of their skin. God therefore, the ſupreme artiſt, 
has been pleaſed to aſſigy this inſect a ſhort life 
that ſurpaſſes all adoration, n 
Who has ſo great a genius, or is ſo converſant 
in the art of writing, as to be able to deſcribe, 
with a due ſenſe, the trouble, and misfortunes 
this creature is ſubject to, during the ſhort con- 
tinuance of its flying life. For my part, I con- 
feſs I am by no means able to execute this task. 
Nor do I know whether nature ever produced 
a more innocent and ſimple little creature, 
which is, notwithſtanding, deſtined to undergo 
ſo many miſeries and horrible dangers, 

Beſides, that the life of the Ephemerus is 
ſhort, nay, amazingly and incomprehenſibly ſo, 
an infinite number'of them are always deſtroyed 
in the birth, being devoured by fiſh. Nor does 
Clutius acquit any ſpecies of fiſh of this barba- 
rity except the Perch and Pike. Though the 
reſt of the Ephemeri have eſcaped this cruel 
danger, yet on land, when they are engaged in 
the great work of changing their skin, they are 
barbarouſly devoured by Swallows and other 
birds, Nay, if they eſcape this danger, when 
they afterwards approach again to the ſurface 
of the water, and careleſsly ſport and play there 


with their wings and tails, they a ſecond time 
become a prey to the fiſh, which drag them 
away to the dark bottom of the water and de- 
vour them. If they fly higher into the air, 
another kind of torment attends them, for then 
they are perſecuted with a different barbarity 
by other kinds of birds, which tear their limbs 
aſunder and devour them. Though theſe in- 
ſects then are the moſt innocent, perhaps, of all 
others, they are more cruelly treated or uſed 
than the moſt miſchievous of wild beaſts. 

As the Ephemerus abounds with uſeful leſ- 
ſons and moral precepts, ſo it affords ſufficient 
matter for various ſpeculations. It is ingen- 
dered, grows to its bigneſs, and then generates, 
lays eggs, caſts its ſperm, grows old, and dies 
in the ſpace of five hours. This ſhort time 
comprehends the morning, noon and evening 
of its life. | 

When the Ephemerus is flying, and particu- 
larly a little before the end of that time, the 
Trout, which eats it as its food, comes to its 
perfection: its fleſh and flavour being finer than 
at any other time. This I have been aſſured 
of by Nicholas Tulpius, formerly conſul at 
Amſterdam, for he fairly made trial of the 
matter, 

One may ask further this queſtion, why, ex- 
cluſive of all thoſe dangers and misfortunes, the 
life of the Ephemerus ſhould be ſo ſhort? In 
anſwer to this let it be obſerved, that the eggs 
of the Ephemerus, whilſt it ſtill ſwims as a 
Worm, are arrived to their perfection, ſo that 
as ſoon as the inſect is increaſed and perfected 
by changing and extending its limbs, thoſe eggs 
are inſtantly fit for production or birth: to 
which may be added, that the Ephemerus has 
not the nouriſhing of its offspring; wherefore 
God has made this creature likewiſe, more than 
others, void of reaſon, as the Oſtrich amon 


birds, that He, from whom ſprings all reaſon 
H h and 
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and knowledge, might take upon himſelf the 
care of nouriſhing its | 


progeny. 
Since therefore this creature aſſumes its wing- 


remain three 
mud, and to undergo after chat time its change, 
and get wings in that form living, till this bu- 


"i 
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hidden in the water and 


ed form only to propagate its ſpecies, it follows, ſineſs of generation is performed, and then it 


that when this is done, 
near at hand, and for this purpoſe it ſeems to 


its death is naturally dies. 


C. H A P. X. 


Tat the Ephemerus kind flies three days and ſometimes four : certain other ſpecies 
thereof are alſo deſcribed. # 


HAT the Ephemeri are changing and 
flying during three days continually, is 
known to all-who live near the rivers, famous 
for this annual miracle; I have obſerved them 
flying the fourth ; nay, even the fifth day, but 
then very few in number. "Theſe were a ſuc- 
ceſſion of the inſets hatched one after another, 
and hence I think theſe had been Worms of 
the ſame year,.the wings whereof had acquired 
their maturity ſomewhat ſlower than ſome others; 
and that theſe latter were ſick, or prevented 
by ſome other impediment, which hindered 
their change in the appointed time. As, on 
the other hand, it is certain that the transfor- 
mation of the Worms of this ſpecies, which 
are changed before their time, happens on ac- 
count of their wings and other parts being per- 
fected earlier than natural. As this may and 
certainly does happen in all the inſect kinds, I 
ſee no reaſon why the Ephemerus ſhould not 
ſometimes be produced in its winged form, 
{ome days ſooner or later than the ſtrict time, 


ſince it is certain from experience that the 


general change of them may happen fourteen 
days ſooner or later, as the ſeaſon of the year 
favours it more or leſs. 
If we attentively confider the things that have 
been here related of the Ephemerus, it is evi- 
dent that Mouffet ſpeaks truth, when he fays, 
„ The Ephemeron, or Diaria is a wonderful 
« Fly, whether we conſider its make or the 
ce ſhortneſs of its life.” But ſome of the other 
articulars related of this inſect by this author, as 
well as by Aldrovandus, Johnſon, Clutius, and 
others, who are cited by all the latter writers, 
do not much correſpond with the truth. Far 
be it from me to reprehend or animadvert on 
others in theſe matters; fince it is poſſible that 
theſe gentlemen might have defcribed a diffe- 
rent Ephemerus from mine, as there are vari- 
ous ſpecies. Beſides, nature, or her author 
God, is perfectly inexbauſtible in the make, 
properties and diſpoſition of theſe crea- 
tures, I ſhall only recommend it to any who 
ſhall be defirons of knowing the truth, to con- 
ſult the inſets themſelves; for nature far ſur- 
paſſes all the writings and treaties that can be 
compiled, and in this and all other cafes will 
teach more in one inſtant of time than any one 
can learn in a long ſeries of years out of the 
beſt library. 


It aſtoniſhed me to ſee in a book written by 
Augerius Clutius, that Dortmannus there ex- 
hibited a figure of the Ephemerus, deviſed upon 
a weak and erring memory, or feigned from 
mere imagination. Goedaert having obſerved 
this, and being furniſhed with many more ob- 
ſervations of that kind, undertook to amend it 
of his own pleaſure, but without ſucceſs ; ſince 
he changed nothing but what appeared to his 
fancy to be improper, and left the whole figure 
of the inſet, which was delineated from me- 
mory only, altogether incorrect. As he at- 
tempted to correct theſe errors from his own 
imagination, it ſhould ſeem to follow that he 
multiplied them, although he rendered them 
more ſeemingly like the truth. Indeed Goe- 
daert himſelf owns he never ſaw this inſect. 

While 1 was engaged in inveſtigating the 
nature of this inſect, I met with various ſpeci 
of it at different times, but I never had the 
good fortune to ſee the Ephemerus of Hoefna- 
gel, which Clutius delineates ; and which is 
found alſo among the figures of Hoefnagel. 
But I once found its Nymph troden upon in 
the road that goes by the lake of Deimermeer, 
I at that time thought it had its origin from a 
kind of blackiſh and toothed water Worm, 
which has a cloſely» corrugated or wrinkled 
skin; ſince the latter having attained its full 
bigneſs, leaves the water, and betaking itſelf 
to land, is there changed into a Nymph, which 
in proceſs of time, perhaps, acquires the form 
of the Ephemerus delineated by Hoefnagel. 
This Ephemerus afterwards throws its eggs 
into the water, which is the caſe with many 
other inſets, and with ſeveral other ſpe- 
cies of the Ephemerus which I can ſhew. I 
ſaw and took ſome of thoſe ſpecies in the river 
Loire at Saumeur in France. Theſe do not 
differ in their general form from the Epheme- 
rus of our country, but they are leſs, and of a 
ſomewhat different ſtructure. I have ſeen great 
ſwarms of theſe flying, when I chanced to 
walk in the evening on the bridge. that is over 
the river at Saumeur. Some of theſe carried 
about them their ſecond skin till ſticking to 
their tails, as they flew up and down above the 
bridge. I have nothing Erther to fay of this 
kind, or of all other ſpecies which I preſerve, 
only that ſome of them are as ſhort lived as 
our Ephemerus, which I have been hitherto 

deſcribing, 


tibing ; but I have obſerved that others of 
2 live longer than theſe. I | therefore ap- 
prehend that the various ſpecies are diſtin- 
guiſhable from each other by ſeveral -further 
peculiarities ; and, for this reaſon, I do not 
ronounce thoſe authors re roachable, who 
relate any thing of theſe or o the like inſects, 
| becauſe what they ſay does not exactly agree 
with the ſpecies of one particular country. 
Far be it from me to be guilty of ſuch terme- 
rity ; ſince God is infinite in all his works, 
and the ſpecies may be numerous. 
About the end of June 1670, when I re- 
ſided in the village of Slooten near Amſterdam, 
1 went ſometimes in the evenings into the 
fields, where ſo great a number of minute in- 
ſets which were ſomewhat larger than Gnats, 
at times pitched on my cloaths, that I was all 
over covered with them. Each of theſe caſt 
a ſmall ſkin on my cloaths ; after which, I ob- 
ſerved that all of them returned to the water, 
and there, like the larger Ephemerus, ſported 
and beat up and down. Theſe inſects are pro- 
duced nearly in the ſame manner as the Ephe- 
merus before deſcribed ; for they live in ditches 
and water-trenches, and when they are to ſuf- 
fer a change into the Fly ſtate, they likewiſe, 
at regular times, caſt two skins, one in the 
water and another on the land. The Worms 
of the ſmaller Ephemerus differ from the lar- 


AVING explained in the preceding 
chapters the two firſt orders or clafles of 
natural changes, we now advance to the third; 
which, we muſt obſerve, is always preceded 
dy another change, as we have before deſcrib- 
ed at large. 

As this change is more obſcure and intricate 
than the firſt, and more difficult to be under- 
ſtood than the ſecond, in order to give a diſ- 
tinct and plain deſcription thereof, we ſhall 
compare it with the firſt and ſecond; for by 
this means it will be eafier to comprehend 
what they all three have in common, and in 
what they differ from each other. As the 
firſt order of tranſmutations conſiſt in this, that 
the creature increaſes in its parent from almoſt 
inviſible, but really exiſting rudiments, and 
lies encloſed in a membrane until it has ac- 
quired ſufficient ſtrength therein to be able to 
creep out of it; ſo on the other hand, the 
other order is much more imperfect; for in 
this the inſect increaſes likewiſe as in the firſt 
order, but it comes out of its egg imperfect ; 
and therefore becauſe in ſome parts, but chiefl 
in regard to the wings, it is ſtill defective; it 
muſt, in order to acquire its due perfection, 
take in food from abroad ; by the help of 
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ger, in that they do not hide themſelves in 
mud, or form cells or long holes, but moſtly 
inhabit ſtony and fandy bottoms : therefore 
nature has formed them of a rougher and 
more robuſt conſtitution than the larger Ephe- 
merus. Their skin alſo is more like the cruſta- 
ceous integument of Crabs and Shrimps. They 
have likewiſe branchiæ or gills, and rowing 
fins on the ſides of their bodies. When in 
the middle of ſummer any one takes up ſtones 
from the Rhine or Leck, or other collections 
of waters in our own country, for carrying to 
the land, he will moſt commonly ſee ſome 
Worms of that kind ſticking to them; which 
is likewiſe the caſe in other countries and other 
rivers, as I myſelf have learned from expe- 
rience in the Loire, the Seine, and other 
rivers of France. Hence it is evident that 
there are many diſtin& ſpecies of the Ephe- 
merus, and that the authors who deſcribe an 
Ephemerus, however different from that of our 
country, do not merit certain cenſure. I can 
for the moſt part exhibit to the naked eye the 
Worms before mentioned, and every thing 
that I have hitherto advanced concerning the 
Ephemerus, according as they are in nature ; 
ſince I have preſerved them to this day, that 
they may ſerve the better to illuſtrate and con- 
firm what is ſaid in this treatiſe. 


The end of the wonderful hiſtory of the Een eMtRus, 


o R DE R. 


Of natural changes, or flow accretions of the parts of inſets. 


which, the reſt of its parts, which we from 
time to time obſerve to increaſe and expand, 
like a flower from its cup, are at length per- 
feed. 

The order of nature is quite contrary in 
thoſe inſects which undergo the change of our 
third order: for though they increaſe in the 
ſame manner as thoſe in the firſt order, and 
come forth imperfect, as thoſe in the ſecond 
order, nay, much more ſo, out of their egg, 
many of them not having even legs; yet all 
theſe imperfe& parts are increaſed and aug- 
mented in a very obſcure manner under the 
skin. Hence, as the creature iſſues complete 
in all its parts out of the egg in the firſt order, 
and in the ſecond the accretion or expandin 
of its ſeveral parts is performed externally and 
openly ; but in this our third order, on the 
contrary, this germination or ſprouting is all 
tranſacted within the covering of a skin, and 
can with very great difficulty be obſeryed, un- 
leſs by the change of the skin. 

As therefore thoſe inſets which undergo 
the firſt order of tranſmutation, conſtituted 
under the form of a Nymph, creep only ſim- 

ly out of their egg or ſkin: and as thoſe 
wl belong to the ſecond order of changes, 


. likewiſe 


I 20 


likewiſe expand afterwards as it were into a 
ſecond Nymph ; though in the mean time 
they do not ceaſe to move and eat, nor do 
they ever at any period of their lives loſe their 
motion; ſo on. the contrary the matter is 
quite otherwiſe in thoſe which are ſubject to 
our third order of tranſmutation; for as ſoon 
as theſe which firſt iſſued imperfe& out of 
their egg or former Nymph, and increaſed in 
their parts as they have grown under the ſkin, 
like a flower in a tender flower cup, and after- 
wards caſt this ſkin by the force of the protu- 
berant parts; under this other transfor- 
e u es entirely loſe all their motion, ex- 
cept that of the tail only; for this is not ſwollen 
with moiſture in a great many, and only changes 
its skin. 

The inſects which undergo this third order 
of change, are produced imperfect out of their 
egg, and want at that time a great many of 
their parts: but they by degrees acquire them 
under the cover of their skin, where they are 
gradually perfected and enlarged. The legs, 
wing, horns, and the reſt of their parts are 
by this means increaſed to their due ſize with 
the body: this is performed inſenſibly by ab- 
ſolute growth or addition of parts. Finally 
when the limbs are come to the full period of 
their increaſe, they raiſe the skin with a viſible 
ſwelling and render it ſomewhat prominent in 
different parts; and under theſe protuberances 
of the skin, we can plainly diſcern the ſeveral 
limbs and other parts which lie diſpoſed in a 
wonderful manner under that covering, like a 
flower growing ſlowly in its _ until, after 
the skin is at length caſt, all theſe parts very 
clearly and diſtinctly preſent themſelves to our 
view : at that time the veil, if I may be allow- 
ed the expreſſion, is at length removed, and 
all the impediments which till then obſtructed 
the ſight, and which have produced ſo many 
errors amongſt all the naturaliſts without excep- 
tion, is removed, and all is made plain and 
ealy. Hence it is, that we can very eafily 
exhibit to the eye all the parts which before 
lay under the skin; as I have actually done in 
the preſence of Thevenot and Magallotti, who 
accompanied me in theſe experiments, and 
whoſe teſtimony is ſufficient to put the matter 
beyond doubt. 

We call this change with Ariſtotle, Pliny, 
and others, the Nymph ; becauſe we ſee iſſu- 
ing out of it a perfect inſect, fit for propaga- 
ting its ſpecies, and adorned in all the ſplen- 
dour and beauty of its kind, as a virgin in a 
very rich nuptial garment : the creature hav- 
ing thus paſſed the infantine years of a Worm 
or Caterpillar, comes forth without delay to 
meet its fellow of the other ſex in the ſpacious 
and beautiful tapeſtry of the fields, ſpread for 
its uſe by nature. 

On theſe principles our third order of natu- 
ral tranſmutations conſiſts; the Worm, after 
it has caſt off the form of a Nymph, in which 
it lay without food in its egg, is afterwards 
increaſed by degrees, and acquires more parts 
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by the help of the food it is ſupplied with, 
until at length it caſts its skin, and attains 
the form of a ſecond Nymph, which clearly 
and diſtinctly exhibits all the limbs perfect in 
all their parts, and is once again deprived of all 
motion as it was before in the . this motion 
is again reſtored afterwards in a few days by the 
evaporation of the ſuperfluous moiſture. 

Theſe inſets are therefore twice held in 
the ſtate of a Nymph; that is, firſt in the 
egg, which is their firſt Nymph ; then in the 
laſt change or ſecond Nymph. But there is 
this conſiderable difference. in the two, that 
when they are in their firſt Nymph or in the 
egg, their limbs cannot only be leſs diſtin! 
ſeen, than in the ſecond, the reaſon of which 
we ſhall aſſign hereafter ; but alſo that before 
they are changed into the firſt Nymph or egg, 
they have no remarkable motion preceding, 
nor are they increaſed in their limbs in any 
manner different from other inſe&s, or from 
the ſeeds of plants. On the other hand, be- 
fore they are changed by accretion into the 
ſecond Nymph, they do not only evident! 
move themſelves from place to place, but alſo 
increaſe in the ſame manner as other inſects 
during their growth, which have the power of 
moving or going where they pleaſe, and take 
their food in at their mouths. This being 
well underſtood, the difference between the 
firſt change which is called an egg, and the 
ſecond which we call a Nymph, is very evi- 
dent; though each of them is only an accre- 
tion continued in the limbs though in different 
manners, We beg the reader will attentively 
regard what has been hitherto ſaid, becauſe 
it 1s of the higheſt uſe, and eradicates entirely 
the falſe notion of a metamorphoſis or change 
of one creature into another, that univerſal 
chimera of erring opinions, and totally deſtroys 
and ſubverts the monſtrous opinion of a for- 
tuitous generation of creatures. 

As the parts of the future inſect are ſeen 
much more plainly and diſtin&ly in ſome of 
theſe Nymphs than in others, as Ariſtotle, 
though not perfectly right in this matter, has 
likewiſe obſerved ; we ſhall therefore divide 
them into two kinds, in order to make the 
underſtanding of them more diſtinct : that is, 
we ſhall call one of theſe a Nymph ſimply; 
and the other the Nymph Chryſalis. Nor 
ſhall we regard that the word Nymph Chry- 
ſalis does not perfectly or exactly expreſs the 
thing itſelf ; and that all the Nymphs, which 
we call Chryſallides, are not of that gold co- 
lour, whence the name : for we have not judged 
it proper to depart from the received appella- 
tions, or to make profeſſed innovations in the 
terms: ſo far are we from this intent, that 
our great induſtry and ſtudy are employed to 
find out truth, and, when found, to explain 
her ſimply and in her natural ornaments. 
Hence we have reſolved to perſuade no body 
to believe more than what may be ſhewn plainly 
to the eye, and with due attention obſerved by 
every one, as well as by us, in nature herſelf. 

A cata» 
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A catalogue of the inſefts which belong to the third arder / or claſs of natural changes, 
em em 1. Which Leal they. | 


A MONG theſe inſets which are chang- 
Species of the third order, and, by the power 
of the increaſing and expanding limbs, which 
breaking open the skin, obtain the form of a 
Nymph, wherein all the parts appear to be 
finely and beautifully expreſſed, I firſt reckon 
Bees, 1 preſerve in my collection their queen, 
as ſhe is called; and alſo ſeveral of the drones, 
which are properly males; and alſo the work- 
ing Bees, which are of neither maſculine nor 
feminine ſex; ſince the proper organs neither 
of male nor female are to be found in them: 
whereas thoſe organs are very diſtinctly conſpi- 
cuous in the queen and in the drones. This 

ueen has been improperly called the king. 

diſcovered the egg-bag of the female, or king, 
as it uſed to be called, in the preſence of the 
e anatomiſt D. Van Horne, 
profeſſor of anatomy and ſurgery ; being affiſted 
therein by the ſingular favour of Dr. W. V. 
Hoorn, a phyſician of Slooten, who readily 
gave us admittance to his bee-hyves. 

I likewiſe preſerve the Nymph of the drones, 
of the queen, and of the working Bees, I 
can likewiſe exhibit their webs, which are like 
thoſe of Silk-worms, and alſo the honey- 
combs ; between which are the cells or houſes 
of the drones and queen, and working Bees, 
beſides many other things very worthy of ob- 
ſervation concerning theſe little cells; for I 
have prepared them different ways, that the 
molt artificial order wherewith they are con- 
ſtructed might be made evident. I likewiſe 
keep in my cabinet the ſting of that uſuall 
called the king, and its bag of poiſon ; as alſo 
the bag and the ſting of the working Bees, 
which I have found to be divided into three 
parts. In fine, I preſerve alſo in this collection 
the teſticles and penis of the drones. 

It is worthy obſervation in Bees, as well as 
other inſets, that the lungs are found moſt 
diſtinctly conſpicuous. in them, conſiſting of 
two white bladders. But in inſects which have 
blood, and are by that diſtinguiſhed from theſe, 
the lungs, when cleaned from their humours, 
are only compoſed of bladders, as the cele- 
brated Marcellus Malpighius has moſt accu- 
rately ſhewn : nay, I ſhall ſcarce ſcruple to 
aſſert the ſame thing of the other viſcera ; ex- 
cepting only that the skin and the other mem- 
branes are interwoven with ſmall and. ſcarce 
perceptible cloſed arteries, veins, and the like. 
Theſe veſſels I have alſo obſerved are ſome- 
umes again opened by the inexplicable power 
of nature. oy; 

The elegant and amazing ſtructure of the 
reſt of the viſcera in Bees merits the higheſt 
admiration. 
them ſeverally and at large, we ſhall now ſay 


— 


But as we ſhall hereafter deſcribe 


nothing more on them, for as we here treat only 
in general of theſe inſects: we can only treat 
of them in general terms before their particu- 
lar hiſtory to be hereafter exhibited. | 

Conſidering however that wonderful re- 
public of Bees, which is founded upon affec- 
tion only, and excludes all kind of ſuperiority, 
we cannot but exclaim that nature has con- 
cealed in the hiſtory and manners of theſe crea- 
tures, treaſures of ineſtimable miracles, which 
are notwithſtanding freely opened to us, pro- 
vided we diligently inveſtigate the diſpoſition 
of thoſe creatures. An unwearied ſcrutiny is 
the only key to nature; nor is there any other 
than this, which can open the way into her 
myſteries. | | 

After the hive Bee, we are to name the 
Bees that live at large in gardens, fields, and 
foreſts, and hence are called wild Bees. I pre- 
ſerve ſix ſpecies of theſe, among which there is 
one with very long horns ; another has an ex- 
tremely rough hairy body ; and a third is ex- 
tremely like a Waſp :” I have exhibited ſome 
of theſe in their natural ſize, in fig. Iv. v. v1. 
vII. vii, Tab. XXVI. 

I likewiſe reckon in this third order the wood 
Bees of Aldrovandus, or that called the ſo- 
litary Waſp by Mouffet. Their Nymphs, the 
web of the Worm, and the Bee itſelf are in 


my cabinet. I can likewiſe ſhew the little 


neſts which theſe creatures make of ſtmall 
ſtones, grains of ſand, and dirt. In theſe neſts 
we ſometimes find a very remarkable Waſp, 
together with a Beetle, and the Worm out of 
which the Beetle is produced: nay, that Ver- 
micle or Worm was once in my poſeſſion 
changed in the exact ſpace of one year into 
ſuch a Beetle, havin d no other food in 
the mean time but little ſtones and dirt. Theſe 
obſervations create ſome doubt which of the 
three beforementioned inſets builds the neſts 
juſt now mentioned ; but to me it appears very 
certain, that the wood Bee is their architect; for 
the carries the little ſtones, and the neſt itſelf 
is found to be appropriated only to her. Such 
neſts are found in great numbers in the ruins ' 
of walls in France. | 

We might likewiſe mention the Apes Man- 
ſuetz of Mouffet here, but becauſe they be- 
long to our fourth order, and are not Bees 
but real Flies, we ſhall therefore deſcribe them 
hereafter in their proper place. 

Next follow the Waſps ; of theſe I preſerve 
ſeven kinds, together with the combs, in 
which ſome of their Nymphs {till lie encloſed 
and ſealed up as it were. I have ſhewn the 
proboſcis of the common kind of Waſps, in 
Tab. XVII. fig. vii. the poiſon bladder in 
Tab. XVIII. fig. 1v. and laſtly the ovary, in 


Tab. XIX. fig. iv. In Tab. XXVI. fig. x. 
11 ] ex- 


122 The BOOK of 
I exhibit one of the largeſt kinds of Waſps, 


and another uncommon kind in fig. 11. ibid. 
to theſe I have finally added, fig. xiv. xv. ſome 
Walps of the ſmalleſt kind. I have more than 
once obſerved, that the Waſps carry the mat- 
ter whereof they make their neſts upon their 
legs. 4 | 

| - this order I rank alſo the Pſeudopheca, 
which we uſually ſee produced out of a Chry- 
ſalis, which is underſtood to be corrupted or 
rotten: I preſerve twenty kinds of theſe in 
my collection. Hoefnagel has given us deli- 
neations of twenty-four ; Goedaert likewiſe 
deſcribed a few. We may properly inſert this 
kind of Fly in our fourth order, as will ap- 

r when we come to that part, 

Among the Pſeudophecæ which we keep, 
is the Muſca Triſeta, or 'Three-Hair-Tailed-Fly 
of Mouffet, whereof I preſerve four kinds. 
I have repreſented one of them in Tab. XX VI. 
fig. X111, and ſome ſmaller ones, in Tab. 
XLIV. and XLV. I preſerve alſo, amongſt 
the ſaid Pſeudophecæ, the Muſca Uniſeta, 
or Single-Hair-Fly of Mouftet, indeed two 
ſpecies thereof, together with the Worm and 
Nymph ; the Chryſalis, which afforded theſe, 
is likewiſe in my muſeum, from which, when 
rotten, this Fly has its origin. I preſerve alfo 
ſeveral other exotic and more uncommon kinds 
of Pſeudophecæ, of which I ſhall have an 
opportunity to ſpeak in my particular obſer- 
vations, | | 

To this third order, we likewiſe refer the 
inſect, called by Goedaert, Devorator, or the 
Devourer. This is that ſpecies of e Tg 
which kills Spiders, and may therefore be 
properly called the Ichneumon Waſp. This 
Waſp ſeems to be ſomewhat of the like diſ- 
poſition with the Muſca Lupus, or Wolt-Fly ; 
for as the former grinds or breaks her food 
with her teeth, this latter pierces it with her 
aculeus. | 

I likewiſe keep in my muſeum the Flies 
called Panopes, which are deſtructive of 
grapes, and may properly enough be referred 
to the genus of Pſeudophecæ. I have found 
from obſervation, that theſe Flies are not in- 
variably diſpoſed to one kind of food, but 
will, when they cannot meet with grapes, 
ſatiate themſelves with any other food they 
can find. 

Next follow the Hornets : I preſerve two 
ſpecies of theſe, together with the web, which 


eir Worms form; I can alſo exhibit their 


Nymphs, and the caſes wherein they encloſe 
thoſe Nymphs. Theſe creatures are ſo vora- 
cious, that if they are cut through the middle 
they will not quit their food, and if that be 
fluid, I have ſeen them eat while it ran out 
of the wound ; this I have often experienced 
with a little honey. We exhibit the largeſt 
ſpecies of Hornets in Tab. XXVI. fig. 1x. and 
one of their cells in Tab. XXIII. fig. xv. 

The humble Bee alſo belongs to this order, 
whereof there are eight ſpecies, among which 
I preſerve the exotic one with purple wings, 
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In the figures of Hoefnagel there are likewiie 
found eight ſpecies. Goedaert has alſo de- 


ſcribed the Worm of the humble Bee king. 


1 have repreſented the neſt of one of them in 


Tab. XXVI. fig. 1. and afterwards one of the 


Bees of the middle ſize in fig. x11. 


Further, I aſcribe the Gnat to this order; 
this creature is produced in the water, as will 
be ſhewn in its particular hiſtory ; this it 


might be proper to ſubjoin immediately to the 
treatiſe of Bees; but as the Nymph of the 
Rhinoceros Beetle, on account of its remark. 
able bigneſs and peculiar ſtructure, throws 
great e gr on the ſyſtem of this order, we 
Hall give a deſcription thereof. 6s 

The Muſca Chryſopis, or Golden Eye, I 
preſerve alſo in my collection, and have two 
diſtinct ſpecies thereof. Goedaert has like- 
wiſe ef:ribed two ſpecies of this elegant 
inſect. =o | 

I likewiſe have the Muſca Florilega, or 
Flower Fly,which is black, and a great enemy 
to young flowers; whole armies of this kind 
ſometimes inſtantaneouſly poſſeſs fields and 
gardens. They are ſaid to come out of the 
water, which I ſhould the more eaſily allow, 
becauſe I know a great many kinds of inſects, 
which, after having been in the water ſome- 
time, fly out of it at once ; thus myriads of 
the Libellæ, or Dragon-Flies, fly together, at 
one and the ſame time, out of the water, as 
do likewiſe Gnats, Ephemeri, and many other 
ſpecies. On obſerving this, many have erro- 
neouſly perſuaded themſelves that theſe in- 
ſes are produced in the air itſelf. But it is 
8 worthy of obſervation, that the 

hemerus always dies a little after its birth; 
whereas, on the contrary, other inſects remain 
a long time on the earth alive: the reaſons of 
which difference we have aſſigned in our ob- 
ſervations on the hiſtory of the Ephemerus. 

I likewiſe preſerve the Fly that is like the 
Butterfly kind, and the Scorpion-Fly, male 
and female ; as alſo the Wolf-Fly, of which 
I have five ſpecies. The carnivorous Fly, called 
the Cæſar, is alſo to be found in my muſeum. 
I can likewiſe exhibit fourteen ſpecies of the 
common Flies, and twenty-four ſpecies of the 
more uncommon kind ; ſome of theſe have 
wings adorned as it were with the figures of 
ſerpents, ſome diſtinguiſhed with faſciz or 
wreaths, ſome with ſpots, and others with 
grooves or furrows, ſome of them alſo have 
the belly and breaſt variouſly painted with red, 
green, yellow and gold. We ſee delineated in 
the figures of Hoefnagel, twenty-five ſpecies 
of the common, and thirty ſpecies of very rare, 
Flies; and the induſtrious Goedaert has left us 
the figures of forty-eight ſpecies of Flies. 
Hence, when I conſider the great diligence of 
that naturaliſt, I cannot ſufficiently admire, 
that he has been always ſo much a ſtranger to 
the true knowledge of theſe things; but 1 


' muſt add that it happened unfortunately, that 


his thoughts were committed to writing by 
others; who, mixing their own chimerical 
| notions 
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' notions with his, involved yo Is knowledge 
matters in ter darkneſs. 
LW order 2 1 likewiſe to be referred 
ſome very ſmall and uncommon Flies of pe- 
culiar origin, ſome of which are produced 
from the tubercles or warts of willows, Tab. 
XLIV. fig: v; oe INE from the alz or 
boſoms of the leaves of the willow tree, Tab. 
-XLIV. fig. xv; others iſſue from the roſe 
willows, Tab. XLIV. fig. xv11; others from 
downy matter or flocks of the catkins, Tab. 
XLV. fig. v111; others from the ſtinging 
nettle, Tab. XLV. fig. v; others from the 


| brier, Tab. XLV. fig. 11; others from the 
excreſcences of oak, Tab. XLV. fig. -x1x ; 
and laſtly, others are produced from a kind of 
Worms that walk with their ſheath” or caſe, 
Tab. XLV. fig. xxX111. and xxx1y. I have 
deſcribed all theſe little Flies in the fourth 
order, becauſe they perform their change in 
the manner peculiar to that diſtinction. 

'The Ant likewiſe belongs to this claſs, but 
as we ſhall treat of this inſe& hereafter in 
our particular obſervations, it may ſuffice to 
ſay here, that I preſerve both the winged male 
Ant, and the female, the body of which is 
ſomewhat thicker; and the labouring Ant, 
which has no wings, nor does it ſeem to be 
either of the male or female ſex. It is worthy 
of obſervation, that this little rant 1s 
obliged to carry its young wherever can 
8 at hand ; whereas n 
in general, carry the food to their young; 
other inſects, in a manner different from either 
of the two former, expoſe their iſſue, as if 
they were orphans, and oblige them at firſt to 
find nouriſhment for themſelves. The firſt 
ſpecies is indeed very induſtrious ; the ſecond 
gentle and good-natured ; but the third, un- 
merciful, and reſembles a cruel ſtepmother. 
However, the great Creator of them, who does 
not deſpiſe the cries even of the Raven, Job. 
xxxix. preſerves them all. 

I moreover keep, a thing very wonderful, 
five hundred and forty-five Flies of one and 
the ſame ſpecies, which have been likewiſe 
produced from four Chryſallides of one ſpecies 
of the diurnal Butterfly; ſo that the life and 
motion of theſe four creatures ſeems to have 
tranſmigrated into thoſe of the five hundred 
and forty-five others. I can ſhew alſo one 
hundred and eighty-ſeven little Flies, which 
burſt out of only one Chryſalis that had been 
wounded, I have likewiſe one hundred and 
forty-five, ſeventy-ſeven, thirty-nine, and 
eighteen little Flies of different ſizes, which 
have been changed into Nymphs, in the 
bowels of diurnal Butterflies, which belong to 
ſo many different ſpecies ; but I ſhall treat of 
theſe more accurately in the fourth order. 


land, belongs alſo to this order, which Aldro- 


| Gnat, but Mouffet calls it Tipula. There are 
five ſpecies of this in my muſeum, but Hoef- 


ſpunge of the dog-roſe, eglantine, or ſweet. 


The Tipula Terreſtris, or Long-legs of the 


vandus deſcribes under the name of the largeſt 
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nagel delineates no leſs than ſixteen. This 


inſect is produced from a Vermicle or Worm 
which commonly lies under the graſs, and is 


called by the fiſhermen, in our language, Im 


or Imme. I preſerve. two Nymphs thereof, 


wherein the parts of the inſet are repreſented 


tho' ſomewhat obſcurely ; ſo that they may be 


likewiſe referred to. the Chyſallides: the differ- 
ence is not very conſiderable. I likewiſe have 


a very obſcure delineation of one of theſe 


Nymphs by Goedaert. 
Next in this order follow the Beetles, 
whereof I preſerve nine of the largeſt kinds, 


twenty-one of the middling, thirty-ſeven of a 
ſmaller, and one hundred and thirty-ſix of the 
leaſt kind. Among theſe there are twenty- 
five exoticks, brought from the Eaſt and Weſt 
Indies, I ber Braſil, France, and other 
parts. Hoefnagel has likewiſe delineated 
thirty-five ſpecies of the common Beetles, and 
ſeven more rare and uncommon. We find 
nineteen ſpecies of the ſmall Beetles deſcribed 
in Goedaert, to which are added five of their 
Nymphs, indeed very beautifully delineated. 
I eee likewiſe ſeven Nymphs of Beetles, 
and among theſe the Scarabæus Naſicornis, or 
Rhinoceros Beetle. 

What deſerves very particular notice in the 
Beetle, as Fabricius ab Aquapendento has juſtly 
obſerved, is, that the bones, which in larger 
creatures which have blood are placed in the 
inſide, are ſituated on the outſide in the Beetle. 


And, on the contrary, the fleſh, which lies on 


the outſide in ſanguiferous animals, is here 
hedged on the inſide within the bones, or 


horny ſubſtance of theſe inſects. Another 


thing which merits the greateſt attention is, 
that in the very muſcles of theſe little creatures 
is diſcovered the ſame ſtructure, that the great 
anatomiſt Nicholas Steno obſerved in thoſe of 
the larger animals. This is particularly re- 
markable in the ſtructure of the muſcles of the 
Locuſt's legs, by the help of which that 
creature can leap up and down ſo nimbly, 
that it raiſes itſelf into the air Mo hundred 
times the height of its body. 

As nature ſhews herſelf wonderful in the 
ſimilar ſtructure of the muſcles given to theſe 
two kinds of creatures, ſo indeed does that 
great immenſe difference, which is between 
the bones of the larger or ſanguiferous animals, 
and the horn-like texture of the little bones in 
inſets, Among theſe inſect tribes, nothing is 
more various, or can be more worthy of no- 
tice, than that exceeding great, and at the 
ſame time beautiful diverſity of ſtructure, 
which is to be met with in the horns of the 
Beetle kind. I really think that according to 
this diverſity alone the diſtinctions of the Bee- 
tles into ſpecies may be determined. 

I preſerve ſeven ſpecies of the Scarabæi Na- 
ſicornes, or noſe horned Beetles, among which 
there is one ; whereof the horn is bent like a 
bow, or arch-like, towards the back or ſhoulders. 
I can ſhew the curious this creature, together 
with the lice wherewith it is infeſted. But I 

have 
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have obſerved, that it is produced from the 
largeſt ſpecies of Coſſi or ode Worms , 
-which are in the exact ſpace of two, and ſome 
of three, years changed into Nymphs. Beſides 
this horn. upon the noſe, it has .two.; horns 
which ariſe near the eyes, and terminate as it 


were in knotty extremities. I ſhall. give its 


whole peculiar hiſtory in its proper place. I pte- 
ſerve beſides this — other noſe horned Beetles, 
which are very ſmall, and have the borns; di- 
vided in*a manner into two parts. I can lie- 
wiſe thew another ſpecies of the unicorn Beetle, 


\ Which has the horn likewiſe bent like a bow or 


arch towards the breaſt, and ſerrated on the in- 
ner part with four teeth; whilſt in the mean 


time the bony cover ings of the ſhoulder, loins, 


and breaſt, are ſtretched vaſtly forward, and 
terminated in this horn, which is planted in the 
concave part of its arch with briſtly hairs, of a 
gold colour, and ſoft like velvet. I have likewiſe 
two other noſe horned Beetles, which have the 
horns undivided in their originations, hut after- 
wards terminate in ſplit points. In theſe Beetles 
the breaſt bone is likewiſe black, horny and 
divided, and terminates. in one of their horns, 
which is as it were ſerrated at one end; but at 
the other divides itſelf into two obtuſe horns. 
The laſt named ſpecies of the Beetle is alſo a- 
dorned with very ſingular and knotty horns 
placed near the eyes. I exhibit alſo five ſpecies 
of theſe exotic Naſicornes, or noſe horned 
Beetles, of their natural ſize, in Tab. XXX. 
fig. 2, 3, 4» 5, and 6. The largeſt Beetle that 
I have in my collection, is, together with its 
horn, ſix inches long, and its body half an inch 
broad: if its wings be expanded, they meaſure 
ſeven inches. 

I preſerve with theſe in my cabinet, the 
Beetle called the flying Stag, or flying Bull; 
the Lucanus, or Stag-horned Beetle, the male 
whereof is horned, but the female, as is com- 
monly aſſerted, has no horns. It is very remark- 
able in this as well as in the other inſects of this 
kind, that their wings are hidden and folded 
as it were within little ſheaths, from whence 
they have obtained the name of vaginipenne, 
or ſheath-winged. We likewiſe obſerve when 
theſe inſects tly, that theſe little ſheaths, or 
caſes, wherewith the wings are at at other times 


covered, are only elevated, and are not agitated 


by the motion in flying. There 1s nothing in 
this flying Stag more worthy of notice, than the 
proboſcis or trunk wherewith its ſwallows its 
food: this food is a juice like honey, oozing 
out of the oak. This trunk is delineated among 
the figures of Hoefnagel, which are indeed the 
beſt and moſt accurate of all the figures I have 
hitherto ſeen. I can exhibit the method where- 
by the wings lie folded under the outer pair 
beforementioned; we are not to ſay they are in 
reality plaited, for they are rather contracted 
by the aſſiſtance of joints. I have obſerved that 
theſe joints are placed almoſt in the extremities 
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of the wings, and are moved by the help of 
peculiar muſcles ; hence a 254d np to 
from them when they are wounded, which is 


not the caſe when wings are merely membra- 
nous. When I offered a little haney: on the 


point of à knife to one of theſe Beetles, it 


followed me like a dog, and ſucked the honey 
.' Beſides: „I can likewiſe. ſhew twenty- 
one ſpecies of; the Capricorn Beetles, Theſe 
creatures have all wonderfully long horns. Some 
of theſe which I preſerve are furniſhed /with 
branching and prickly horns !with-'knotty and 
ſhort joints; and the horns of others are divided 
into very long, equal, and as it were knotleſs 
oints, ſome of them are ſomewhat ſituated 


in the middle, and are knotty again where 
they are joined to each other. The body of 
the largeſt Capricorn Beetle I have is above four 
inches and an half long, and the horns are as 
long as the body. I have likewiſe another above 
two inches long, which is covered with promi - 
nent party-coloured hairs like a Turkiſh carpet- 
ing, and makes a wonderfully beautiful figure; 
its fore legs are much longer than the reft, 
Moreover, I have a ſpecies of theſe flying Ca- 
From Beetles, which has very tender legs and 
horns; which, however, are conſiderably thick 
about, the bending of the joints, and where 
the muſcles are inſerted. I have likewiſe a 
Waſp with this kind of knotty joints. 
Wich theſe I preſerve ſeventeen. of the fly- 
ing Capricorns with much ſhorter horns. A+ 
mong theſe there is a kind of Beetle, that vi- 
brates its wings with ſo much velocity, that it 
is with very great difliculty to be taken, and 
hence we have called it the flying Beetle. A 
thing extremely wonderful in this Beetle is, 
that its teeth are on the inſide full of ramifi- 
cations, by which ſtructure it is indeed diſtin- 
guiſhed from all others. This Beetle flies in 
the day-time, and is the ſame with the fourth 
and uncommon ſpecies of the Stag Beetle of 
Mouffet. | fs 

I have moreover nine ſpecies of the faid 
flying Capricorns, having ſtill ſhorter and 

r horns, 

I likewiſe inſert the Cicindula or Glow- 
Worm, which is of the Beetle kind, in this 
order. It indeed reſembles a flying diamond 
or little ſtar ; it glitters with as much light, 
when it is yet a Worm with fix legs, as when 
it is changed into a perfect Beetle: in that 
ſtate it muſt firſt elevate the ſheaths or caſes 
of its wings, or at leaſt ſtretch out its tail or 
the extremity of its abdomen, in order to diſ- 
cloſe its light. 

Laſtly, among my Beetles are thirty-two 
ſpecies, furniſhed with horns that -have knobs 
at the tops of them. Theſe globules of the 
horns are indeed conſtructed in a moſt wonder- 
ful manner, for ſome of them reſemble bunches 
of grapes, others are like the leaves of an open 


As all Butterflies are produced from Caterpillars, all Beetles are produced from Hexapode Worms. Some of theſe live on land, 
ſome in water; but they are in general all longer lived creatures than Caterpillars. | | 3 . 
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| and others again are of various different 
— — One lay by the help of theſe horns 
very cafily diſtinguiſh the male from the fe- 
male. This is likewiſe the caſe in the noctur- 
nal or night Butterflies, for their males may 
by this fign be very eaſily diſtinguiſhed from 
their females, while they are ſtill in the Nymph 
ſtate. Of theſe ſpecies of Beetles ſome are ob- 
long, others round, others ſhort, others in- 
dented, ſerrated, party coloured, or variegated 
and ſprinkled © over as it were with duſt or 
meal, rough with ſmall tubercles, ſquares or 
cheques, or conſpicuous by their ſpots and 
various other ornaments. Among theſe I can 
likewiſe ſhew a Beetle found in the neſts of 
wild Bees, and delineated in Tab. XX VI: fig. 
111. Almoſt all theſe Beetles fly at night. 

I refer alſo to this order the common dung 
Beetle, which has its horns terminated by knobs. 
I have two ſpecies of this, which, like the blue 
black Beetles, emit a bright and glowing light; 
one of them is conſpicuous by a purpliſh 
gloſs, like that of copper, on its breaſt and 
belly : the other glitters like green molten braſs 
or copper delicately gilt, and indeed makes a 
very beautiful figure. 

I have moreover four ſpecies of the Bupreſtes, 
or green, gold, and yellow Beetles, which are 
of an offenſive ſmell ; the horns of theſe are 
formed like thoſe of the Capricorn Beetles, and 
the males are ſmaller than the females. I have 
likewiſe another ſpecies which ſtnells like a 
roſe. | 

I keep alſo four ſpecies of the Cantharides, 
to which I think the former in reſpe& to 
their qualities and virtue are nearly related. I 
have likewiſe the eggs of the common golden 
yellow Beetle, which are like mother-of-pearl. 
Some of theſe inſets have knotty horns, and 
others have them formed like thoſe of the Ca- 
pricorn Beetle. Among theſe I can ſhew a very 
beautiful Beetle, the body of which is adorned 
with little apertures and impreſſed furrows. 
This was given me by the very celebrated Dr. 
William Piſo, formerly principal phyſician to 
his highneſs prince Maurice of Naſſau. 

I can likewiſe ſhew the Indian Beetle, the 
ſheaths or cates of whoſe wings are of a ſhining 
black like ebony, and have many little indent- 
ings, wherein are ſeen little oblong feathers 
adorned with all kinds of colours, bright as any 
kind of gems whatſoever. 

I likewiſe reckon the Curculio or Weavil in 
this order; which, from a Worm deſtructive 
to corn, is changed into a Beetle, and of which 
a magnified delineation may be ſeen in Redi. 
Aldrovandus . deſcribes 'a Weavil 
changed into a Butterfly, and indeed belongs to 
the ſame order, but to the third ſpecies of it. 

I preſerve alſo ſix ſpecies of Beetles with 
long necks and Hogs noſes, which I therefore 
call flying Hogs, or Hog Beetles. 

Next follows the Proſcarabæus, Vermiculus, 
Majalis, or May-Worm, which, as well as others 
we likewiſe think referrable to this order. We 

have three ſpecies thereof, two of which have 


which is 
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horns like thoſe of the Capricorn Beetles ; but 
thoſe of the third are knotty. Goedaert has 
likewiſe deſcribed a Vermicle as belonging to 
the laſt, but he has very prepoſterouſly joined 


them together. F 


To theſe 1 add the Staphilinus, which, ſeem- 
ing of a middle nature between the Beetle and 
Scolopendra, can very quickly kill Earthworms 
with its teeth; and. afterwards - ſuck them. 


- Goedaert has committed three errors concern- 


ing this in ſect, which we ſhall hereafter explain 
and ſet right. This inſect and the Worm from 
which it is produced are likewiſe deſcribed 
by Mouffet. I preſerve five ſpecies of it, to- 
gether with the Worm and Nymph, which 
exhibits the parts of the future inſects but ſome- 
what obſcurely. Theſe inſects have horns like 
thoſe of Capricorn Beetles, but their wings are 
complicated in a very uncommon manner. 

I preſerve beſide theſe four ſpecies of Bee- 
tles, which, whether they lie on their back 
or belly, can contract and preſs their head and 
breaſt cloſe to the ground, and jump into the 
air: wherefore we think that the name. of 
Graſshopper or Locuſt Beetle is a proper one 
for them. | 

I have likewiſe the ſmall Beetle, which, ha- 
ving firmly and ſtrongly fixed its foremoſt legs, 
and bent and put its head through the ſpace be- 
tween them, makes a- continual noiſe in old 
pieces of wood, walls and cielings, which is 
ſometimes ſo loud, that, upon hearing it, pe 
ple have been perſuaded that nocturnal fob. 

lins, ghoſts, or fairies wandered about them. 

think that this- may be properly called Soni- 
cephalus, or the noiſy-headed Beetle. Other 
ſpecies of Beetles make a ſtrange noiſe by rub- 
bing their head againſt their breaſt, and others 
preſs their tail or belly cloſe to the ſheaths or 
caſes of their wings, and by that means make 
alſo an uncommon creaking, 

I have alſo four ſpecies of the Scarabzi Teſ- 
tudinati, or Tortoiſe Beetles, and ſome of their 
Worms and Nymphs. Goedaert has likewiſe 
deſcribed two ſpecies of theſe. 

I alſo have the Scarabzus Aculeatus or ſting- 
ing Beetle, with its tail formed 'like an aculeus 
or ſting, which is not met with in any other of 
the Beetle kind. 

Moreover, I can ſhew a very ſmall Beetle 
with its Nymph, which is produced out of a 
Worm without legs, and is found hid within 
the outer skin of the leaf of the fallow tree. 
This Worm has its food there ready and ſuffi- 
cient for it, until it is at length changed into a 
perfect Nymph in all its . [I have de- 
ſcribed the hol change of this Beetle, which 
is carried on very obſcurely, in the fourth or- 
der, and have exhibited its figures in Tab. 
XLIV. fig. x11. X111, &c. X 

I have moreover a deteſtable Beetle, pro- 


duced from a Worm that eats the roots of 


ginſeng, and is changed into a Nymph 
within that precious drug. The ſame is like- 
wiſe found in old logs of wood. | 

I like» 
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J. likewife keep thoſe Beetles, with their 
Nymphs, which are produced from Worms 
that gnaw dried fleſh. By the afliſtance of 
theſe Worms a ſkeleton may be eaſily cleared 
of the fleth that ſticks to it. 

I am alſo to add that I have a Beetle, the 
Worms of which eat the bag of the muſk; I 
have, on account of the obſcure manner of its 
changing, deſcribed it under the fourth order, 
and given its figure in Tab. XLV. fig. xxx11. 
_ Laſtly, I rank in this order the largeſt, the 
middling, and the ſmalleſt Hydrocanthari, or 


* 
mad © 
2 
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NATU R E; or, 


Water Beetles, concerning which I have POR! 
fionally inſerted various obſervations of the 
greateſt importance to the naturaliſt. I pre. 


ſerve five ſpecies of theſe; the ſmalleſt is called 


the common water Flea, and water Fæmella. 
When this dives under the water, it has the art 
to encloſe a little bubble of air very dexterouſly 
in its tail, I have repreſented the parts of ge. 
neration of the Hydrocantharus, in Tab. XXII. 
fig. v. and the Worm called Vermis Sicarius, 
out of which it is probably produced, is exhi- 
bited in Tab. XXIX. fig. rv. and v. | 


The third order or claſs of natural changes, according to the firſt ſpecies or me- 
 thod, which we have called fimply the Nymph, exemplified in the Ant. 


1 Tas. XVI. K 


No. I. TH Ant's egg delineated in its natu- 

| ral ſize, or the Worm of the Ant 
in, its firſt skin or coat, wherein it is called the 
egg. The firſt of theſe figures exhibits it 


magnified, 
II. Is che skin beforementioned after it is 


caſt. This is a kind of thin membrane, which 
the Vermicle or Worm of the Ant, quitting 
the form of an egg, throws off looſely, and rolls 
up as into an imperceptible point. 

III. The Ant's Vermicle or Worm, imper- 
fect in many of its parts, without legs, come 
out of its egg or skin, and here repreſented in 

the form E it is commonly found in the 
carth at that period; that is, having its head bent 
towards its breaſt. Figure 11. exhibits a microſ- 
copic view of it. 

IV. The Ant's Vermicle or Worm having 
attained its full bigneſs; that is, when all the 
limbs and parts proper to the Ant are already 
increaſed under the skin, but ſtill lie hidden. 
Figure 111. gives it as ſeen under the mi- 
croſcope. 

V. The former Vermicle or Worm, having 
caſt its skin and expoſing to view all its parts, 
which were before hidden ; It ſhould therefore 
be now called a real Nymph, whoſe limbs are 
ſwollen with a fluid matter, as will be made 
more evident in the explanation of the fourth, 
fifth, and fixth figures, which exhibit the ſame 
ſtate of the creature magnified, together with 
its ſeveral parts. | 

VI. The fame Worm now come into the 
ſtate of the Formica or Ant, as will be more 
accurately and largely deſcribed in the ſubſe- 
quent explanations of the figures. 


TAI. XFL E106. 1. 


The Ant's egg magnified, perfectly ſmooth 
and equal, diſtended, glittering, and without 
any annular diviſions. This is naturally ſo ſmall 
that when placed on a black ground it is ſcarce 
viſible to the naked eye. This muſt be well 
obſerved in order to diſtinguiſh the true or 
real egg of the Ant. 


Fd. 11. 


The Vermicle or Worm of the Ant deli- 
neated larger, and preſenting its head and 
mouth, together with the twelve annular divi- 
ſions of its body. The head is bent towards 
the breaſt; and if the Worm be touched or 
moved in the leaſt, it always contracts itſelf in 
that manner. Though this be a real Vermicle, 
yet it is commonly called the egg of the Ant. 
But this appellation proceeds from the groſſeſt 
ignorance, fince it palpably is a real creature, 
having life and motion, though it is yet with- 
out legs : it does not bear the leaſt reſemblance 
to an egg, nay it is ſometimes larger than the 
Ant itſelf. But ſuch is the ignorance of thoſe 


perſons who ſeek for theſe Vermicles and ex- 


poſe them to fale in the market: they are bought 


. there in order to be given as food to various 


kinds of birds, and they are very greedily eaten 
by them. 


F16. 111. 


I here exhibit the method whereby the Ver- 
micle or Worm beforementioned leiſurely and 


quietly undergoes its natural change; the blood 


and other humours inſenſibly ſwelling about the 

breaſt and near the head, and by that means 

the creature itſelf becoming thicker, larger, and 

more ſwollen : by this means at length loſes 

all its motion, that is when it has caſt its skin, 

_ to light its limbs, that were before 
idden. | 


F16. Iv. 


The fame Vermicle or Worm, having caſt 


its firſt skin, and preſenting to view all its limbs 
and parts, which were before hidden under the 
skin; hence it is in this ſtate called a Nymph, 
w_ I repreſent magnified, and reclining on 
ts ide. 


Fre. v. 
The ſame Vermicle, lying on its back, is in 


this figure expreſſed magnified. 
Flo. 
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e 
The ſame vermicle or Worm is here again 
exhibited, and all its members are diſtinguiſhed 
by letters annexed : hence it is indeed very evi- 


dent that the Nymph is the real inſect, but ſtill 


deſtitute of motion in its limbs. This it en- 


joys, when it acquires the perfect form of the | 


inſe& which it now repreſents. _ 
a a, The two eyes in the head. 5 
3, The teeth. N 
cc, The horns, which are folded near the 
legs upon the breaſt. { 
* Fi The firſt pair of legs folded under the 


horns. TO i 4. | 
ee, The ſecond pair, conſpicuous under the 


fir ſt. , 
/ 7, The third pair, which are laid on the 
belly. | 


It is likewiſe ſeen in what manner, all the 
ſtrong joints of theſe ſix legs are laid on the 
breaſt between the horns. Foy: 

g, The annuli or rings of the abdomen, to- 
gether with the margin or border on each fide. 
But this is more manifeſt in the fourth figure, 
wherein that margin or verge, as well as the 
little ſwellings of the loins, are more diſtinctly 
exhibited, and at the ſame time it is ſeen how 
the body is all folded up and bent. 

The creature in this form is, as I have ob- 
ſerved before, the real Nymph of the third or- 
der, according to the fir * or method of 
transformation, which clearly and diſtinctly ex- 
hibits all its parts and limbs without exception, 
ſo that all thoſe parts may be ſeen in it, which 
are afterwards found in the common labouring 
Ant, whoſe Nymph it now properly is. This 
Nymph is therefore the Ant, and the Ant is a 
Nymph, but the Ant hitherto lies as it were 
hid under a peculiar diſpoſition of its limbs; 
and this is the principal difference. 

When this Vert or little creature caſt its 
Skin for the laſt time, then all its limbs and 
parts are very white like curdled milk, and are 
fluid as water; fo that under this form it ought 
to be conſidered as if it lay yet in its egg, 
ſince it is there diſpoſed in the very fame man- 
ner, and 1s as properly a Nymph. The only 
difference is, that in the egg its limbs, though 
certainly exiſtent, are not viſible ; though on 
the contrary they manifeſtly appear, when it is 
a ſecond time reduced to this condition, ſo like 
that of an egg. Hence this little creature is 
twice, as it were, a fetus, twice in its egg-ſtate, 
and twice hatched or born. But the life it leads 
1s not in all its circumſtances the ſame; it differs 
indeed very much, for it appears in the firſt 
ſtate like a poor and miſerable Worm ; but 
the ſecond time, which is in ſome meaſure its 
renewal and regeneration, it is formed into a 
perfect creature. This proceſs is formed in fo 
remarkable a manner in Butterflies, that we 
tce therein the reſurrection painted before 
our eyes, and exemplified ſo as to be examin- 


ed by our hands; hence the Italian poet ſaid 
moſt truly, c 4 


Non v'accorgete voi, che noi ſim vermi, 
Nati a formar Vangelica Farfalla. 


Doſt thou not know we Wortns are born, 
Angelic Butterflies to form); 


We muſt further obſerve, that the writers 
of natural hiſtory ancient and modern, Ariſtotle, 
Mouffet, Harvey and others, who have called 
this change in the Aurelia an egg, have not 


wandered entirely out of the path of reaſon, pro- 


vided their words be taken in the ſenſe now 


mentioned. I would however have it obſerved, 


that they muſt be ſaid to have really deviated 
from the truth, in that they have not annexed 
the ſignification mentioned in this place to their 
Aurelian egg, but have propoſed it as a real 
and ſimple egg, without any reſpect to the 


eſſential parts. This cannot totally be over- 


looked by thoſe, who labour cautiouſly to in- 
veſtigate the natural changes in the inſect tribe. 
The head, the breaſt, the belly, and the reſt 


of the parts of this inſect are inveſted with a 
thin kind of membrane, and are ſo very cloſely 


ſurrounded by it on every ſide, that even the 
extremity of the eyes, horns, teeth, and legs, 
are encloſed in it, together with the reſt. How- 
ever theſe lie in a looſe manner over each other, 
nor are they united or connected to one another 
by an uniform cutaneous cruſt, as is the caſe 
in a particular manner in Butterflies. The 
membrane, which encloſes the parts of the 


Nymph of the Ant is not every where of equal 


thickneſs, indeed leaſt of all where the limbs 


are cloſe or applied to the body near the breaſt; 


but where they are not ſo cloſely laid togetlier, 
as in the extremities of the legs and horns, there 
the inveſting membrane is equally thick in all 
its parts. This is very ſeldom obſerved in the 
Aurelia, nor have I ever ſeen more than one 
example thereof in the Chryſalis of the ſwift 
Butterfly, the trunk of which is in part diſtant 
from the body ; for there the inveſting mem- 
brane 1s obſerved to be every where equally thick, 
as may be ſeen among the figures of the Rhi- 
noceros Beetles, in Tab. XXIX. But this is un- 


common in Chryſallides, though it is conſtantly ** 


the caſe in Nymphs. 

Paſſing theſe conſiderations over, it is ma- 
nifeſtly evident from hence, that between 
the limbs, which are ſeen and repreſented in 
the Ant's Nymph, and thoſe which ap 


in the Ant itſelf, there is no other difference, 


than that-the appearance of the parts is ſome- 
what more evident and plain in the Ant, but 
in the Nymph ſomewhat obſcure. We muſt 
obſerve that -the ſame thing holds equally- in 
the Ant's Vermicle or Worm, which hides 
the limbs and parts under the skin that is not 
yet caſt off. For in reality the egg, Worm, 


Nymph 
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Nymph, and Ant, are all but ono and the ſame 
creature variouſly cloathed, and lying under 


different yet accidental forms. Therefore the 
Ant, that I may expreſs the buſineſs with ſuffi- 
cient accuracy, is covered or ſurrounded in the 
beginning, when it is an egg, with ar oval or 
ſpheroidal skin; and afterwards, when it ap- 
pears under the form of a Vermicle or Worm, 
is covered with an annular and hairy skin; 
and thirdly,” when it is a Nymph, and is found 
wrapped up in a divided and articulated vell ; 
until, fourthly, it at length caſts this skin, and 
afterwards retains this its laſt form, wherein it 
is a perfect inſect, ſtript of all its integuments ; 
is ſtill the fame Ant, in this variety of appear- 
ances : ſo that having thus, at certain diſtances 
and ſtated times, caſt off all theſe coverings, 
the creature is perfect, and is never changed 
more. 'This muſt be in the ſame manner un- 
derſtood of all other Vermicles or Worms 
which have no legs; nay, of thoſe alſo which 
have legs, that is, of ſuch as ſo long and fo often 
change their skin, until at length they no 
longer change their form, but become perfect 
inſects, afterwards procreating their ſpecies in 
the ſame order. 

When this Nymph caſts its laſt skin, many 
remarkable changes are obſerved; the eyes are 
altered in the head by a flow accretion, and 
change colour from white to black; the horns, 
the legs, and the reſt of the body; are more 
and more diſcoloured ; a ſuperfluous moiſture is 
exhaled from all the parts, the limbs, which 
were till now without ſtrength and motion, 
begin to move, and at laſt the inveſting skin is 
diſengaged from all thoſe parts; and then, and 
not before, this Nymph is called an Ant. 


FIG. v11. 


In this figure the Ant is repreſented under 
that form in which it ſhews itſelf when it has 
caſt the laſt skin. All the obſtacles which im- 
peded the ſight in examining its parts, are now 
removed. Hence we may ſee the Ant no longer 
covered or veiled but in its real form; nor is it 
after this laſt operation, during its whole life, 
further augmented or changed; as it has attained 
its full maturity and the greateſt ſtrength of life. 
The ſame thing likewiſe is found in the fame 
manner in all other inſets ſubject to theſe 
changes, for none of them are ever increaſed or 
changed, after having caſt the laſt skin. Hence, 
doubtleſs, the reaſon may be aſſigned, why we 
ſce theſe inſects never become larger in other 
countries than in our own, unleſs they are of 
a different ſpecies; or are ſuch as eat ſome- 
what more plentifully, while they are in the 
form of Worms and Caterpillars ; for by this 
means their bodies may become ſomething, 
though not much, larger than uſual, as we have 
ſhewn elſewhere. 

By the power of inſenſible perſpiration, the 
Ant's skin.after all theſe changes is grown very 
hard, and becomes as it were horny, though it 
was ſome weeks before the laſt transformation, 


tender and fluid like water, ſo that the crea. 
ture could not ſtir one of its parts with even 
the leaſt motion. In the more conſpicuous, 
that is, in the larger Nymphs belonging to 


larger inſects, this change is ſtill more confide- 


rable than in the Ant's Nymph : for their ſkin 
which was in the beginning of the change 


 likewifE very ſoft and tender, becomes in a 


few days horny and as it were bony, as ſhall 
be hereafter explained in its proper place in 
the Nymph of the noſe-horn Beetle, which 
likewiſe belongs to this order. 1 

It will be now proper that we exhibit in 
figures the limbs and parts of the Ant, in the 
ſame manner in the Ant itſelf, as we have 
before ſhewed them in its Nymph. To this 
purpoſe I have allotted this ſeventh figure, 
wherein I repreſent the common labouring 
Ant, ſuch as is uſually found in the gardens 
and paſtures all over Holland and elſewhere. 
J here delineate the Ant magnified in ſuch a 
manner, as it very cautiouſly carries the Worm 
or Vermicle in its mouth, or between its two 
teeth, without theleaſtdanger of hurting it, Tab. 
XVI. fig.v11.4. Theſe teeth of which the Ant has 


— only two, are more properly jaws, an upper and a 


lower, which hang crooked or bent on the outſide 
of the mouth, and have ſeven ſerrated inciſions 
or diviſions, ſerving as ſo many particular teeth. 
This may be clearly ſeen in Tab. XVI. fig. 
xl. at the letter a, Moreover, the diviſions of 
the head, breaſt and belly may be diſtinguiſh- 
ed in this ſtate much more accurately than in 
the Nymph. The eyes are very black, Tab. 


XVI. fig. vii. 53, the antennæ or horns un- 


der the eyes are of a faint red colour cc, and 
are compoſed of twelve horny joints; the firſt 
of which, that immediately under the eyes, is 
very wy but all theſe joints are covered or 
ſurrounded by briſtly hairs. It is likewiſe 
ſhewn very diſtinctly here what form and 
ſtructure the head and thorax are of, and that 
they are inveſted with a horny, ſtriated or fur- 
rowed, crooked, and indented ſkin. This ſkin 


reſembles the fibrous joints of the wild pines, 


when they are cleaved or cut, where it is 
knotty. The conſtruction of this furrowed 
{kin is ſeen yet plainer in the Ant exhibited in 
fig. x1. The inciſions of the thorax, fig. v1.4, 
are divided into fix ſharp-pointed prominences, 
which become more conſpicuous backwards 


towards the loins. The loins themſelves con- 


ſiſt of three knotty vertebræ or joints e, and 
are every where ſet thick with briſtly hairs. 
Underneath at the thorax are ſeen ſtrong hairy 
legs 5 each compoſed of four joints; the 
laſt of which, or that properly called the foot, 
is divided again into ſmaller joints, and the 
laſt of theſe is armed with two claws. 

The abdomen or belly, the colour whereot 
is ſomewhat more red than the reſt of the 
body; this being of a light red, ſhines like a 
looking-glaſs, and is ſurrounded with briſtiy 
hairs g. I call this creature I have been de- 
ſcribing the working Ant; nor do I think it 1s 

pro- 
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provided with either male or female organs, 
as I ſhall demonſtrate to be the caſe in the 
Bees; fince it ſeems to be deſigned by the 
moſt wiſe Creator for labour only, and to 

remove, preſerve and nouriſh the young 
of the others. 


FI G. v111. 


To make this hiſtory of the Ant as complete 
as in my power, I have here likewiſe delineated 
the male Ant in its natural ſize. 


F16s. 1x. 


I delineate the ſame magnified in this figure, 
both becauſe the limbs of this creature may be 
the more conveniently deſcribed, and that the 
differences as well as agreements between one 
Ant and another may be the clearer or more 
evidently explained. 
It appears then that the teeth a and antennæ 
or horns cc, are in this, in every reſpect, like 
thoſe of the working Ant; only that the teeth 
in the males are ſomewhat leſs than in the 
working kind : and this is likewiſe obſerved in 
the female Ant. Something like this is alſo 
ſeen in the teeth of male Bees. The eyes in 
the male Ant are much larger 55, and ſurpaſs 
"__ working and female Ant; and 
this holds likewiſe in-the males of Bees, Ephe- 
meri, and other inſects. | 
Beſides theſe, threg points or dots like mo- 
ther of pearl are in this ſeen in the head; 
which I have likewiſe obſerved in Bees and 
Flies. They are indeed remarkable eyes of a 
diſtin& kind from the others, and make a pe- 
culiar difference between this male and the 


working Ant: but there is till a greater dif- 
ference in reſpect to the breaſt, for beſides 


that it is in this diſpoſed and painted in a quite 
different manner, there are alſo four wings dd 
very conſpicuous on it, whereof the two firſt 
are nearly twice as large and ſtrong as the two 
hinder ones. The ſtructure of the loins e and 
belly / is likewiſe very different from that of 
the working Ants: and the whole body of the 
male is larger, and of a darker colour ; as is 
likewiſe the caſe in the males of Bees. _ 
Theſe males of the Ants, 'which differ in 
reſpect to their Nymphs from the two other 
kinds, the latter having their wings regularl 
diſpoſed and folded, are not to be * 1 
times of the year among the ſwarms: hence 
it is probable that the working Ants kill them, 
when the buſineſs of generation is performed. 
The Bees we know aft in this manner by their 
males, which are called drones. And- this is 
probably the reaſon why the males are ſo fre- 
quently ill treated by the working Ants, as I 
have often ſeen. 1 LY 
Theſe males of the Ants regard nothing but 
generation, and therefore are admitted into 
that republic only for this ſingle purpoſe, to 


y happens among Bees, with whom the Ants 


wards filled the cavity of 


propagate their ſpecies. The ſame thing exact- 
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have indeed many things in common; there 
is no ſuperiority or pre-eminence among either 
Bees or Ants; love and unanimity, more pow- 
erful than puniſhment or death itſelf, preſide. 
there, and all live together in the ſame man- 
ner as the primitive chriſtians anciently did, 
who were connected by fraternal love, and had 
all things in common. 


FI G. x. 


I here exhibit the female Ant in its natu- 
ral ſize. | 


FIG. x1. 


The female Ant is here again repreſented 
magnified. She is naturally not only longer 
than the working Ants and males, but alſo 
much. more bulky and corpulent; it is eaſy to 
diſcover by diſſection very ſmall, white, oval 
eggs in her. She has likewiſe teeth a, eyes 66, 
and horns cc like the former ; and in the hin- 
der part of the head towards the neck, ſhe is 
furniſhed alſo with three ſmall eyes, like mo- 
ther of pearl; fo that in this reſpect, the fe- 
male remarkably differs from the working 
Ant, and is partaker of the privileges and be- 
nefis of the male. The female Ant is like- 
wiſe diſtinguiſhed from the two former kinds, 
in reſpect to the ſtructure and form of the 
thorax d; this part in her being ſomewhat 
browner than that of the working Ant, and 
ſomewhat redder than that of the male. There 
is ſcarce any difference in the legs ee, orin 
the feet /, nor about the belly g, only that 
this is larger becauſe of the eggs that are to be 
lodged therein: all this is evident in the 
figures. Whether all the ſpecies of Ants are 
ſo conſtituted as to have in each community 
a great many working ones, ſome males and 
ſome females, I cannot of a certainty affirm. 
I am however poſitive, from my own obſerva- 
tions, that this is the caſe in - moſt com- 
mon ſpecies of Ants, which are found in the 
fields and vineyards in Holland and about 
Amſterdam ; for I have there frequently taken 
them out of the ground, and from among the 
roots of the graſs, and brought them to my 
chamber and kept them alive by proper food 
to complete my obſervations. 

To do this I uſed the following method : 
I provided a large deep earthen veſſel, and 
about fix inches = the brim or verge of it, 
I put a bank or artificial rim of wax, and then 
on the outſide of. the circumference of this I 
poured water, in order to prevent the Ants con- 
fined in this encloſure from getting out. I after- 
is diſh with carth, 
and therein placed my little republic of Ants. It 
happened that in a few days the Ants laid their 


eggs in this veſſel : from which were produced 
thoſe Vermicles or Worms, erroneouſly called 

by the vulgar, eggs, which I have before de- 
ſcribed. It cannot indeed be expreſſed in words, 

with what induſtry and ſolicitude theſe working 
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Ants take care of the young ones, and with 
what love they. feed them: they carry them 
with amazing fondneſs between their jaws 
from place to place, nor do they omit any 
thing neceſſary for their ſupport or nouriſh- 
ment. "0 

When the earth wherein they lived grew 
dry, T obſerved that they carried their young 
ones to a lower part and deeper under the ſur- 
face; but when I poured alittle water thereon, 
ſo that the mould became moiſt, it was then 
wonderful to ſee how they all, ſtimulated with 
love, endeavoured as much as they could to 
take away their young and carry them to a dry 
place, Nay, I obſerved that after I had pour- 
ed in a greater quantity of water, they with 
all their might carried them to the higheſt 
part of all, If I only moiſtened the dry earth, 
then they likewiſe carried their young out of 
the damp part. Thus I had opportunities to 


ſee very diſtinctly, that the young ones moved 


and ſucked nouriſhment out of the fine and 
ſmall particles of the earth. 

I Sen endeavoured to nouriſh theſe young 
Worms, without the aſſiſtance of the working 
Ants, but I never ſucceeded. Nay, I could not 
exclude even the Nymph of thoſe Vermicles, 
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which the Ants likewiſe carry daily from 
place to place, without the aſſiſtance of the 
working Ants. I gave them ſugar, raiſins, 
apples, pears, and the fruit of other trees and 
2 I never found that they built thoſe 
artificial neſts mentioned by ſome authors, and 
therefore I apprehend that is to be underſtood 
of ſome other ſpecies. Even in thoſe places 
which they ſpontaneouſly inhabited, I never diſ- 
covered any work of art performed by the Ants 
of this ſpecies; only broad paſſages and crook. 
ed ways, deſigned for carrying their 

from one place to another. I have obſery 
likewiſe that they follow the ſan's motion, and 
convey their young W to the courſe 
that luminary purſues: this I have obſerved in 
the fields where they inhabit little hillocks of 
earth; for they there carried their young con- 
ſtantly to thoſe parts where the ground was 
warmed with the ſun's rays. I never obſerved 
that Ants provide themſelves any food for the 
winter, although this has been fo. ſtrongly 
aſſerted : and therefore I think they eat no- 
thing whilſt the winter is ſevere; as is com- 
mon with many inſects, and in particular with 
ſome ſpecies of Bees, which in the midſt of 
winter abſtain from all kinds of food . 


Of certain other kinds of Ants, ſome of which ſpin like the Silk-wormg. 


ESIDES the ſpecies of Ants hitherto 
deſcribed, I have ſeen five other kinds, 
ſome of which I preſerve in my collection. 
The firit ſpecies is very WW. * and was brought 
from the Cape of Good Hope, I have deli- 
neated it in Tab. XVI. fig. xv1. of its natural 
ſize. Its head, eyes, horns, teeth, breaſt, 
legs and belly are ſeen there as they naturally 
are. It is of a bright red colour: but whether 
this was the working Ant or the female of 
that ſpecies, I could not diſcern : as it had no 
wings I am certain it was not a male. Iam 
likewiſe ignorant of the diſpoſition and nature 
of this ſpecies of Ants. 

The other ſpecies of Ants, which I have 
ſeen in Holland, is fleſh coloured, and of ſuch 
ſize and form as is expreſſed in fig. xtv ; but 
I cannot now determine whether this was a 
working Ant or a female. I met with this 
ſpecies at Honteſlard ; where I examined in a 
wooden bole its eggs, Vermicles, Nymphs, 
working Ants, females and males, in great 
numbers mixed together in ſome mould, where 
they were ſet in order to ſerve ſome birds for 
food. The males exceeded ſomewhat in big- 
neſs the Ant I expreſſed in the figure, and had 
tour membranaceous wings. t what de- 


ſerved particular notice, in this ſpecies was, 
that the Nymphs were all encloſed in a ſheath 
or caſe, w ich, when the working Ants care- 
fully preſerved, carried here and there between 
their jaws, made a very agreeable figure; for 
thoſe Ants carried on this occafion a bag bigger 
than themſelves. I experienced then for the 
firſt time that the Vermicles of Ants, as well 
as the Silk-worms, form a bag or follicle, and 
that thoſe that are encloſed in it are changed 
into Nymphs. This web was of an oblong 
oval figure, and wrought with delicate and fine 
threads about the body, being of a ruſty iron- 
colour, and when I opened it, I found a Nymph 
in the infide. I likewiſe carried ſome of theſe 
encloſed Nymphs with me to Amſterdam, 
which after ſome days gnawed their way out 
of their webs, and produced ſome male Ants: 
this happened on the eighteenth of July. I gave. 
the figure of ſuch a ſheath or caſe entire, and 
in its natural fize in figure x11. and a ſection 
thereof in fig. XIII. | 5 
The third ſpecies of Ants that I obſerved, 
was ſome what leſs than the common Holland 
Ant: this does not ſpin. I have given the 
hiſtory thereof at large. Its body was much 
blacker and brighter than any of the other 


Our author is not ſingle in his opinion that Ants do not eat in winter; Leewenhoeck us to be of the ſame mind, and 


imagines that they ſpend that ſeaſon, like Dormice and many ther forts of animals, in a 


reaſonable, as Ants are obſerved to move more ſlowly as the cold weather advances. Mr. Gould alfo 
that the Ants do not make any proviſion for winter. But though our author here did not obſerve any 
by thoſe he examined, yet probably ſome other ſpecies may, and other naturaliſts tells us very wonderful thin 


ſleep; and this ſeems to be 
s with Swammerdam 
proviſion to be made 
on this ſubject; 


te of 


and further, this opinion of their providing for winter ſeems to be countenanced by the royal and inſpired naturaliſt, Prov. vi. 6, 7, 8. 
However, if it be true that they remain in a tate of reſt during the winter, the provifion they make may be for their young, for 


whom their affection is wondertully remarkable. 


ſpecies, 
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ſpecies. I found theſe Ants running on ſome 
willow-trees, and they ſeemed to live only 
chere. But I have not been hithert®'able to 
ſee their males. | ; 

The fourth ſpecies was again leſs, but of a 
thicker and more reddiſh body ; nor have I 
ever found its males. The fifth ſpecies was 
of a more ſlender, and at the ſame time ſome- 
what longer body than the fourth: I ſaw the 
males of this with four wings. The fixth 
ſpecies that I obſerved was wonderfully ſmall ; 
it was of a bright red colour, had two eyes, 
two horns, two jaws, and fix legs ; and it was, 
like the reſt, divided regularly into a head, 
thorax, and belly. I have not yet ſeen the 
males of this ſpecies ; and therefore I only re- 
preſent the working Ant belonging to it in 
its natural ſize in figure xv. Theſe little 
Ants are ſeen only about the middle of the 
month of July ; but then ſome hundreds ap- 
peared, and they yearly at ſtated times infeſted 
the cheeſe-loft and pantry, , notwithſtanding all 
our endeavours to drive them away. Afﬀter 
October not one of them was to be ſeen until 
the next year, It ſeemed to us that they came 
out of a wine-cellar, and crept through the 
ſmall clefts between the beams and timber 
planks to the place where they could find food. 
This, which was firſt conjecture, we after- 
wards found to be true; for when the cellar 
had been kept full of water for ſome months, 
we never afterwards perceived any Ants. 

What merits particular regard in this hiſtory 
is, that theſe Ants remained ſo long as to the 
middle of July in the earth and ſand, and then 
firſt came in ſight ; but after October all of 
them betook themſelves again to their little 
cells. Whether they lived in the mean time 
without food, or whether, as is common with 
many inſects, the old ones died, and young 
ones were produced out of the remaining eggs 


t3t 


and Nymphs, I cannot determine: but from 
the analogy of other inſects I ean eaſily judge 
that the manner of theſe creatures living was 
very ſingular and uticommon. Beſides, it is 
probable that the males of theſe Ants were 
deſtitute of wings, fince I have for ſome years 
made my obſervations on them, but could 
never find any whatſoever that had wings. I 
would not, however, aver this for truth ; be- 


cauſe nature is wonderfully conſiſtent with her- 


ſelf in all her works. Dr. Padbrugge has in- 
formed me that he alſo obſerved many ſpecies 
of Ants in the Eaſt-Indies ; and particularly 
that there were white Ants there, leſs than the 
common Dutch ones; and that they were 
very deſtructive of food and ſome kinds of 
merchandiſe, I have this year received from 
the ſame gentleman a very beautiful figure of 
the black ſpotted red Ant, which he ſent me 
from the iſland of Ternate : it is ſomewhat 
leſs than the Ant of the ſecond ſpecies which 
I have deſcribed above. The largeſt Ants this 
gentleman has obſerved he aſſures me were as 
long as the firſt joint of the thumb ; .and their 
neſts were fix feet long in circumference and 
were divided into various particular cells : theſe 
places of reception were ſometimes all found 
under the earth, and ſometimes moſtly pro- 
minent above the ſurface ; but they were al- 
ways framed with an amazing art. I cannot 
determine how this matter is, for Ants make 
no neſts here : it is enough for me to give a 
faithful relation of what I have been informed, 
and particularly to recommend the authority 
of this curious gentleman. He likewiſe ſent 
me the figure of a Frog with that of the red 
Ant; its hinder legs are cloven, which is very 
uncommon, and probable the caſe only in 
Frogs that live on dry land. This will be ren- 
dered more certain by accurate reſearches. 


The very curious hiſtory of the Maſicornis, or Rhinoceros, or horned Beetle, illuſtrated 


with accurate figures. 


IN TR Q--D 


8 W E admire the ſhoulders of Elephants 
" that carry towers; the necks of 
«© Bulls, and the furious toſſes from their horns; 
* the ravages of Tigers, and the manes of 
Lions: but we ſhould know that nature is 
e no where more complete and perfect than 
<< in the ſmalleſt objects. This is a "iy Juſt 
- ſentence pronounced by Pliny in his far diſtant 
age, though the wonderful works of nature 
were at that time but obſcurely known, We 
ſhould therefore, ſurely, endeavour to ſearch 
into nature near at hand, and where ſhe is 
conſpicuous in the moſt minute things, or her 
miracles will never be diſcovered. Then will 
it be made clearer than the ſun at noon, that 
as many natural myſteries are hidden in the 
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narrow compaſs of the moſt vile and contemp- 
tible of animals, as in the vaſt viſcera of 1 
large 


ſt. In order to elucidate the incompre- 


henſible power of nature, it muſt be inveſti- 


gated in the ſmalleſt creatures. Nor let the 
extreme minuteneſs obſerved in theſe, deter 
any from the inquiry; it ſhould rather encou- 
rage us to be more diligent : for the leſs the 
work of nature is, the greater and more mag- 
nificent it afterwards ſhews itſelf in thoſe at 
firſt inviſible parts, and exhibits to our fight 
and touch all thoſe things which before eluded 


our ſenſes, and our moſt acute intellectual fa- 


culties. The greatneſs and majeſty of God 
are conſpicuous only in the works framed by 


his infinite power. But as our eyes are not 
| Oy ſufficiently 
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ſufficiently acute to view theſe things per- 
fectly, it is neceſſary to invent and find out 


all kinds of aſſiſtances and artificial contri- 
works of God are moſt wonderful in the ſmall- 


vances proper for aſſiſting the fight, by the 
help of which theſe things may be diſtinctly 
ſeen. By this means, and no other, we can 
.. attain to know with what order, meaſure, 
rule and wiſdom God's creatures are all formed, 
and how they depreciate all the work of hu- 
man art and induſtry, the latter not being able 
to bear too near an inſpection. The beſt of 
them only expreſs the external ornaments, 
wherewith the ſurface as it were of God's 
works are covered; and they are therefore 
deſtitute of that true food of the mind, where- 
with the works of God abound. The more 
accurately theſe are examined, and the more 
perfectly they are explained, the more wonder- 
ful, lovely, and adorable they always proclaim 
their Creator. Though many works of art, 
which derive their powers from nature and 
the effects of regular motions, perform won- 
derful things; yet when they are more inti- 
mately examined and inveſtigated, they imme- 
diately betray the imperfect condition of the 
artificer. Therefore all the maſterly touches 
of Apelles, compared to the very refined 
lines of nature, are only rude, unpoliſhed and 
coarſe; and all the ſplendor of tapeſtry finiſhed 
by human art vaniſhes, when only one of 
nature's works contained in a fingle pulmo- 
nary tube of an inſect is produced: YT can 
delineate even this, the leaſt of theſe wonders, 
with adequate dignity ? what genius is able to 
deſcribe, or what induſtry can inveſtigate it:? 
our eyes and fingers, and all the powers of our 
underſtanding are deficient in this reſpect, as 
will be evident from what I ſhall preſently ſhew 


1 
Of the places wherein theſe Beetles live : 


concerning the lungs of the Rhinoceros or noſe- 
horned Beetle ; thus it will be at the ſame 
time moſt ſtrongly demonſtrated, that the 


eſt objects. Thus I. conclude this introduction, 
crying out with the royal prophet: * I praiſe 
* thee, becauſe in beholding thy works I am 
e tranſported with admiration : I celebrate thy 
« wonderful works when my mind is moſt 
c enlightened.” | 
Though I ſhall attempt in the following 
pages to deſcribe to the praiſe and glory of 
the ſupreme being, the whole change, or, if I 
may ſo call it, the tranſcretion of the noſe-horned 
Beetle, conſecrated of old to Mercury, and ex- 
poſe to public view its origin, life and propa- 
gation ; yet I would not have any one think, 
that I intend to give its accurate and perfect 
hiſtory. As I happened to be diſſecting one of 
theſe Beetles in July laſt year, in the 3 
of the very learned and experienced phyſician 
Dr. Matthew Slade, I diſcovered the wonder- 
ful conſtruction of its general parts. I was 
thence led to examine into its origin, and made 
a diſſection of the Worm out of which it is 
produced. This having been the occaſion of 
the hiſtory that I ſhall here exhibit, it will con- 
tain no more than an accurate narrative of thoſe 
things, which I then and afterwards remarked 
in regard both to the internal and external parts 
of this inſet. But if God gives me health 
and leiſure, I ſhall probably at ſome other time 
proſecute this ſubjet much further, though 
what I now advance is ſufficient to ſatisfy the 
moſt curious adorers of divine miracles, being 
of the greateſt importance and moſt wonderful 


dignity. 


P. I. 
of their generation, eggs, Worms and 


food; how long they are feeding; with varous other uncommon incidents. 


A to the places wherein the Rhinoceros or 


noſe-horned Beetles commonly live, they 
are moſt uſually our docks and yards, where 
they lie among the chips and ſaw-duſt, and in 
the aſhes of reeds which are burned in tarring of 
ſhips, and among the rubbiſh of kitchen gar- 
dens; in the remains of the ſumach wherewith 
leather has been tanned ; as alſo about old trees, 
and in rotten wood. | 
Theſe Beetles generate in the months of 


June and July; the male, Tab. XVII. fig. 1. 
"alone has that remarkable horn. on his noſe, 


whence the ſpecies is named noſe-horned ; the 
female is ſomewhat larger, fig. 11. the male 
pets upon the female, and with the horny or 

ny part of its penis, as with two crooked 
claws, fixes himſelf upon the horny or bony 
part, which conſtitutes the vulva of. the fe- 
male; by this means the female cannot eſcape, 
and the male in this manner injects his ſperm, 


which it has in great quantity, and ſo __ 
nates the female. In the fame manner t 
male Butterfly of the Silkworms holds its fe- 
male faſt by the aſſiſtance of two crooked and 
horny claws, fixing himſelf on the horny or 
bony ring, in the hinder part of the female's 
body, and by this means engenders with her, 
as not being then able to get away from him. 
The males are ſo very violent on this occaſion, 
that they will fix themſelves to the females after 
they are dead ; and they are hooked ſo ſtrongly 
together, that you may tear them to pieces 
eaſier than ſeparate them. | 
After coition the female Beetles in this {j 

cies penetrate deeper into the wood or other 
matter ; they inhabit and lay their eggs there, 
not in heaps but ſcatteredly and at diſtances. 
The annexed figure 111. exhibits the magnitude 
of theſe eggs, though ſome of them à are 
often obſerved to be greater than others b, 28 


one 
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female is larger than another. The egg is 
* oblong round figure, and of a white co- 
jour, and has a thin, tender, membranaceous, 
flexible and ſoſt coat or ſhell; it contracts very 
cafily with air, and corrugates or wrinkles u 
' when the moiſture evaporates; the fame thing 
happens in Hens eggs when they have not the 
hard or outer ſhell. It is difficult to ſay in 
what ſpace of time theſe eggs ought to be 
hatched by the mere force of the ſun and heat; 
but about the end of Auguſt we always find 
the yaung Worms or Vermicles, fig. 1v. which 
have come from theſe eggs. If one of theſe 
little eggs be dexterouſly opened with a ſmall 
pair of ſciſſors, a tenaceous and whitiſh moiſture 
flows from it. The firſt, and indeed a very 


rare, change that I obſerved in theſe eggs, ex- 


hibited two perſpicuous ruddy points, which 
were tranſparent through the coat of the egg, 
and were likewiſe ſurrounded on each fide; 
with ſome other ſpots of the ſame kind. I 
obſerved indeed afterwards, that the two for- 
mer were the teeth of the Worm yet encloſed 
in the egg; and that the lateral points were the 
apertures of the pulmonary pipes. It is ex- 
tremely .worthy of regard how hard the teeth 
of this Worm are, even in the egg; ſo that 
this inſet, whole teeth attain their perfection 
before all the other parts, is able as ſoon as it 
comes to the light to feed itſelf, and by gnaw- 
ing and devouring the wood wherein it is placed 
to nouriſh itſelf, The manner in which this 
Worm is diſpoſed within the ſhell of the egg, 
likewife deſerves great conſideration; it lies 
there folded up, ſo that its fundament is be- 
tween its teeth, and the latter reſt on the for- 
mer. The body being thus folded up, the legs 
are very curiouſly diſpoſed on each fide at the 
verge of the belly, and one may ſee that their 
claws inſenſibly acquire a colour, and become 
ſtronger through the coat of the egg. The 
Worm itſelf, in due time, breaks open the 
ſhell of its egg in the ſame manner as a chicken, 
and creeps therefrom to the next piece of wood 
or other ſubſtance. The Worm *, when thus 
freſh excluded, fig. Iv. is very white ; it has fix 
legs, and a corrugated or wrinkled body co- 
vered on all parts with hair ; but its head is 


then bigger than its whole body, which is a 


very wonderful thing, and indeed holds like- 
wiſe in other creatures in ſome degree, not ex- 
cepting even the human ſpecies. As the head 
of this Worm is horny or bony and extremely 
hard, the all wiſe-Creator . therefore forms it 
firſt, leſt the other ſofter and more humid parts, 
which therefore increaſe faſter than the bone, 
ſhould precede it in growth; and thus has con- 
trived that all the parts ſhould attain their de- 
terminate ſize and due form at the ſame time ; 
and therefore the moſt wile providence of God 
here again becomes obvious to our ſenſes. The 


colour of the head becomes by degrees yellow- 
iſh, and after this ſomewhat red, until it is at 
length changed into a browniſh red. This 


Vetmicle or Worm has two teeth or jaws, the 


of which are likewiſe cut and divided into 
ſmaller teeth. Theſe teeth deſerve particular 


conſideration, becauſe they are fo large and 
ſtrong, that one may certainly very ayes i | 


call them jaws. They may however be mu 

more diſtinctly ſeen in the Vermicle or Worm, 
whilſt it is ſtill white and lies in its egg, than 
when it has been for ſome time out of the ſhell 


and is grown bigger. 


If one views theſe eggs from time to time 
with great care, whilſt the Worm ſtill lies in 
them, the heart beating on the back preſents 
itſelf to view. If the ſame eggs be then open- 
ed, they exhibit, beſides the outmoſt coat or 
ſhell, on the inner part, ſome other fibrous and 
membranaceous little parts, and two very ſin- 


gular ones on each fide, fituated where the legs 


are placed, towards which are detached a great 
many white little fibres. Theſe little parts are 


like thoſe umbilici or marks at which Peaſe 


and Beans are fixed to the pods. But this ſimi- 
larity does not hold in reſpect to the office of 
nutrition, ſince there is no ſuch thing in eggs, 
> they carry their nouriſhment encloſed within 
em. 
Among all the eggs of inſets, of which 
have various ſpecies in my collection, I know 
none worthy of greater attention than thoſe of 
Earth- Worms, for theſe inſets have a red blood 
in their veſſels, which, whilſt the Worm Mill 
lies in its egg, may be obſerved. to move, and 
is wonderfully carried about in the heart itſelf. 
This is the reaſon why I take the preſent 
occaſion to mention this ſingular phenomenon ; 
though the egg of the Earth-Worm is not 
larger than that of the Rhinoceros-Beetle, yet 
the former creeps out of it in form of a Ser- 
pent, and is many times as long as it appeared 
to be in the egg. I ſaw two ſpecies of theſe 
eggs, of different ſizes, and of an oblong round- 
iſh figure, uniting on each fide in a prominent 
point, and therefore one would be inclined to 
ſay that this microcoſm or little world had 
two poles, and that one may hope to diſcover 
a great many wonders therein. They are of 
a pale yellow colour, and have a tinge of green. 
In the ſpring theſe eggs are found diſperſed here 
and there in the earth, In order to hatch them 


properly, I put them into a diſh, and covered 


them with white paper which I always kept 
wet. If any perſon does this carefully in his 
chamber every day, he may very eaſily diſcover 
theſe wonders. In the ſame manner I have 


alſo hatched the eggs of Snails. I have like- 


wiſe two eggs as big as thoſe of the noſe-horned 


Beetle, but covered with a perfectly hard ſhell 


like a Hen's egg, which is indeed very rare. 


To the Beetle kind we are to look for that deſtructive inſe& mentioned in the ſeripture the nams of Kankerworm, an 
coupled with the Locuſt for its devouring nature. The common mealy Beetle which flies * evenings about "hed =y — 
which children play with, calling it the Miller Cockchaffer or Dor, is common to the Eaſt as well as Europe, and is probably in 
its Worm ſtate the creature meant in thoſe paſſages. The Worm hatched from the egg of this Beetle lives under the ſurface 
of the earth, and feeds upon the roots of corn. A few years ſince it almoſt created a famine in ſome parts of England. | 
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"Whoever would preſerve theſe. and ſuch kind 
of eggs muſt pierce them with a very fine 
needſe, preſs out the contained humours, and 
having afterwards blown them up with a ſmall 
glaſs tube, he muſt fill them with a little roſin 
diſſolved in oil of ſpike. I have now ſome 
s taken out of the ovary of the —_— 
2 and kept in this manner. Theſe I 
vered in the year 1666, and from hence I be- 
gan to ſuſpect that I ſhould have found eggs in 
all other animals; nor was my reaſoning in this 
point without its foundatio. 
Let us proceed in the biſtory of this inſect. 
As ſoon as the Vermicle or Worm of the noſe- 
horned Beetle has crept out of its egg, it im- 
mediately finds its food ready prepared for it; 
that is an old tree growing rotten, or the re- 
mains of the ſumach, for in thoſe the egg is 
depoſited by the mother Beetle. Nor does ſhe 


afterwards take any further care of her egg or 


of the Vermicle; this creature therefore, 
though much leſs in bulk, reſembles the tall 
Oftrich, whereof the inſpired writer ſays, Job 
xxxix. 14, 15, 16, 17 ; © Which leaveth her 
e eggs in the earth, and warmeth them in the 
© quit, and forgetteth that the foot may cruſh 
© them, or that the wild beaſts may break 
© them. She is hardened againſt her young 
* ones, as though they were not hers, her 
* labour is in vain without fear: becauſe 
© God hath deprived her of wiſdom, neither 
© hath he imparted to her underſtanding.” 
Many are alſo of this diſpoſition, though ſome 
of them take great pains to depoſit their young 
among proper .nouriſhment. However negli- 
gent and careleſs this Rhinoceros-Beetle may 
be in providing for her iſſue, yet we obſerve 
in others a much more admirable innate ſenſe 
or inſtinct, by which they maintain and bring 
up their young after they are out of the egg. 
Do not the laborious Ants and careful Bees 
teach this leſſon? the latter daily nouriſhing 
their offspring with banquets of the pureſt honey. 

Other inſects encloſe their young or eggs in 
rotten trees, as the celebrated Redi well ob- 


/ 
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given them by God for that purpoſe . laſtly 


others leave or place their ifſue in the bodies off 


living animals, or in other inacreſſible places, 
in order to find natural nouriſhment ready as 


ſoon ag, they are out of the —— is not 
| — 


allowed them by nature to further 
concern about their progeny. xn. 
To this place might be likewiſe propetly ro- 


ferred thoſe particular obſervations Which have 
made on the excreſcences of oaks and other 
trees and plants. But ſince we ſhall profeſſedly 
treat of theſe hereafter in their proper place, 
we ſhall remit the reader thither, and ' now 
NG proſecute the hiſtory of the Rhinoceros- 
tle. | | 
How long the Vermicle of this Beetle is in 
nouriſhing, until it acquires a ſtrength proper 
for undergoing its change, I cannot eaſily deter- 
mine: for ſome years before I knew that this 
ſingular creature was produced from thoſe 
Worms, I kept them So a year in the re- 
mains of ſumach and earth in a glaſs bottle, and 
during all that time obſerved no change in them. 
I have likewiſe, not long ſince, kept ſuch a 
Worm a whole year in the fame ſumach 
wherein I found it, without wetting it; how- 
ever much this moiſture may be requiſite and 
neceſſary to ſuſtain the life jof theſe Worms, 
this I mention only to ſhew the ' ſtrength of 
their life l. And hence I alſo conclude, that 
if this Worm can live for a whole year, after 
being come to its full growth, ſurely the 
younger Vermicles or Worms that are not yet 
grown to perfection, muſt take ſome years to 


their increaſe, before they attain this ſtate :- 


and it is certainly an admirable thing, that even 
the Worm out of which the Ephemerus before 
deſcribed is produced, ſhould require three years 
before it attains its change, though its appear- 
ance under this laſt form does not continue 
above five hours : this may be ſeen at large in 
the preceding hiſtory of the Ephemerus. 


Ma 28; 


The name of the Worm out of which the Rhinoceros-Beetle is produced ; alſo its 
external parts, diſpoſition and motions. That it loves heat, and that it caſts 
a ſkin; with other incidents tending to illuſtrate this ſubject. | 


HE Worm I have been hitherto ſpeak- 

ing of, is deſcribed by Mouffet and other 
authors, under the name of Coſſus, and is, 
when it is arrived to its full growth, half an 
inch thick and two inches long, and of a white 
colour; its body is very deeply wrinkled, Tab. 
XX VII, fig. v. 4, and is divided in a beautiful 


manner into folds or "rag The whole 

is compoſed of annular inciſions OY 
inſects, and to which authors give the name of 
annuli or rings; this denomination, however, 
does not ſeem ſo proper, when theſe annuli or 
rings are not compoſed of a horny or bony 
matter, as is the caſe in many beſide theſe. On 


We have an account of the ſrength of the principle of life in the beetle recorded in the Philoſophical Tranſactions, which 
is altogether ſurpriſing. Mr. Baker, a perſon of undoubted credit, kept one of theſe alive under a glaſs, without any food, 
two years and a halt, and it then eſcaped by accident. He had firſt attempted to deſtroy it by drowning it in ſpirit of wine, 


but it revived after repeated trials of this Kind, though in one of them it was kept in the ſpirit a whole night. 


each 
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the H1BTORY of INSECTS, 
hot. The Coſſi do not regard that, for the 
warmer their habitation is, the better they libe 
in it; they have at theſe times much better 


each fide of this Worm are ſten nine reddiſh 
points or ſpots , not exactly round, but ſome- 
what compreſſed like the ſeed of the kidney- 
bean. Theſe are the orifices of the pulmo- 
nary tubes, and hence I call them puncta reſ- 
piratoria, or points of reſpiration: The firſt 
annular inciſion, which conſtitutes the head, 
has no point or mark of that kind : the ſecond 
exhibits the firſt aperture of the pulmonary 
tubes, over which there is likewiſe a coloured 

c in each fide of the —_— * third and 
rings again have no pots or points, 
becauſe, 5 hall be afterwards explained, the 
ſheaths or caſes of the wings, and the wings 
themſelves, which the Beetle to be produced 
out of this. Worm hides under theſe ſheaths, 
increaſe in proceſs of time in that 178 and can- 
not be perforated. On account of thoſe ſheaths 
theſe inſets are called vaginipennia, or ſheath- 
win The fifth therefore and ſixth inciſi- 
ons, and the reſt that follow in order behind 
theſe, to the number of twelve incluſive, have 
each their points of reſpiration. The head, 
which is of a bright red colour, and ſomewhat 
rough, has ſeveral diſtinct parts, eyes, horns d, 
and teeth e e, but the lip is ſplit in two parts, 


and is viſible among the teeth: above theſe are 


placed the antennæ or certain prickly and arti- 
culated hairs, which lie as it were under the 
skin; theſe are very uſeful when the Worm 
is feeding. In Locuſts likewiſe the ſame briſtly 
hairs are obſerved, but more conſpicuous, and 
they are of great uſe at the time the Locuſt 
changes its skin, and caſts it off from the claws, 
teeth and eyes. It is not difficult to keep the 
Locuſts alive, if raiſins are given them to eat; 
for if theſe are put on a thread one after an- 
other, and hung up in a wicker basket, the 
Locuſts will eat them even to the skin. The 
Coſſus has ſix ſmall legs g, three on each ſide 
of its body, of a yellowiſh red, furniſhed with 
claws and hair, divided into five joints, and placed 
at the ſecond, third, and fourth annular inciſions 
of the body, or the neareſt to the head. The 
other or hinder rings of the Worms ſhine like 
a looking-glaſs, the skin being there extended 
and very ſmooth. Hence the ſurface is there 
of a tranſparent blue, and under it are ſeen 
ſome of the air-pipes, Tab. XXVII. fig. v. , 
of a filver cblour, making a wonderfully ele- 
gant and beautiful appearance. The reſt of 
the skin terminated at the anus 7 is covered with 
fine and tender briſtly hairs & E. The motions 
of this Worm are ſluggiſh, and all its actions 
heavy. Its greateſt ſtrength is in the head, 
breaſt and legs, for by the help of theſe, it 
immediately forms for itſelf another hole in the 
earth or other matter, whenever it is taken out 
of it. And whenthis happens, it bends its back 
very much, and gathers its belly as it were 


into a ſemicircular cavity, nearly in the fame 


manner wherein I have delineated it, 

It frequently happens, that t 
wood wherein theſe Worms live, grows by a 
natural fermentation warm in the ſame man- 
ner 'as moiſt hay, and at length becomes very 


ſumach or 
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health, and are more brisk and lively than 
uſual, and if they are roughly touched, they 
are more quick and violent in defending them- 
ſelves by biting; though theſe Worms are not 


otherwiſe of a miſchievdus diſpoſition, but on 


the contrary they are very gentle and mild. 
Whilſt the Coſſus becomes inſenſibly bigger, 
it ſometimes changes its skin like the Silk- 
worm : but I have not yet learned from ob- 
ſervation how often that happens: Before the 
Worm caſts its skin, it firſt, like Silk-Worms, 
alſo diſcharges itſelf of all its excrements, and 
then bending its body, it makes a new hole in 
the earth, that it may be able to eaſt its skin 
the more conveniently in a ſeparate habitation. 
Nothing in all nature is, in my opinion, a 
more wonderful ſight, than the change of skin 
in theſe and other the like Worms. This 
matter therefore deſerves the greateſt conſide- 
ration, and is worthy to be called a ſpecimen 
of nature's miracles ; for it is not the external 
skin only that theſe Worms caſt, like Serpents, 
but the throat and a part of the ſtomach, and 
even the inward ſurface of the great gut, change 
their skin at the ſame time. But this is not 
the whole of theſe wonders, for at the ſame 


time ſome hundreds of pulmonary pipes within 


the body of the Worm, caſt alſo each its dili- 
cate and tender skin. Theſe ſeveral skins are 
afterwards collected into eighteen thicker, and 
as it were compounded ropes, Tab. XXVII. 
fig. v1,4444444484, nine on each fide of the 
body, which, when the skin is caſt, flip gently 
and by degrees from within the body, through 
the eighteen apertures or orifices of the pul- 
monary tubes before deſcribed, having their 
tops or ends direted upwards towards the 
head, Two other branches alſo of the pul- 
monary pipes that are ſmaller, and have no 
points of reſpiration, caſt a skin likewiſe, & b. 
Moreover, each of the eighteen points or aper- 
tures of reſpiration are likewiſe obſerved to 
open and dilate their orifices at the ſame time. 
If any one ſeparates the caſt little ropes or con- 
geries of the pulmonary pipes with a fine nee- 
dle, he will very diſtinctly fee the branches and 
ramifications c c c of theſe ſeveral pipes, and 
alſo their annular compoſition. The skull is 
then likewiſe divided into three parts 1, 2, 3. 
Its middle part ſhews the teeth d d, which are 
renewed and the old ones thruſt out: in the 
middle of theſe is ſeen a lip e, and on each ſide 
there are prominent horns ff. Behind the lip 


may be ſeen the skull, terminating like a tri- 


angle in an acute point, on each ſide of which 
are ſeen the two other portions g g of the bone 
divided into three parts. The ſharp-pointed or 
prickly antennæ are likewiſe changed, and from 
the eyes themſelves is taken a tranſparent mem- 
brane. This happens likewiſe in Serpents when 
they caſt their sxin. The exuviz or caſt skin 
exhibits ſix apertures, wherein the legs h were 
fixed, : and the diviſions or wrinkles, and little 

depreſſions 
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deprefſions of the skin are ſtill plainly conſpi- 
cuous. Nay, on the hinder part i, where the 


skin is twiſted and complicated, whoever accu- 


rately examines the skin itſelf, may ſtill ob- 
ſerve the coat that was caſt by the inteſti- 


num rectum. It is likewiſe remarkable, that 
the skull remains fixed to this caſt skin of the 
Coſſus; whereas the contrary happens in Silk- 
worms, whoſe skull always ſeparates from the 
caſt skin, except under the laſt change, when 
the Silk-worm is changed into an Aurelia or 
Chryſalis. The head and teeth of the Coſſus, 
having lately caſt their skin, grow white and 


become flexible and tender, though they are 


CH A 


NATURE; or, 


otherwiſe hard as horn, nay, as bone; inſo- 

much that when the Worm is provoked, it 

22 — bite even iron. But what effect 
c 


of the skin in the pulmonary pi 
at hw hes in the Worm, will — 
appear, when I ſhall at the ſame. time ſhew 
more clearly, that there * 2 than eigh- 
teen principal branches o monary pipes in 
the 04" Ba is likewiſe. the caſe Silk. 
worms. - This may be likewiſe exemplified in 
the Worm of the Hornet, which has twenty 
points of reſpiration. But I ſhall now proceed 
to the anatomy of the Coſſus. A 


FP. MI. 


The anatomy of the Cofſus. The manner in which it is to be killed. Its blood, 
heart, fat, pulmonary tubes, throat, flomach, ſpinal marrow, and the neruus 
recurrens. Whether the Coſſus is eatable. How it may be ſeaſoned or pre- 


ſerved, with ſome uncommon obſervations. 


HAVE various contrivances to execute 
I the diſſection of the Coſſus, according to the 
different ends I propoſed to myſelf in each diſ- 
ſection; but that which I uſe moſt frequently 
for this purpoſe, is to kill the Worm in {ſpirit 
of wine, or to ſuffocate it in rain water ſome- 
what more than lukewarm : after ſome hours 
I take it out again, and thus it not only loſes 
all its motions, but its muſcular fibres are never 
afterwards contracted, which would otherwiſe 
very much incommode the diſſection. | 
When the skin is opened along the back, 
where the heart is placed, which- is extended 
through the whole back, in form of an oblong 
canal, and appears about the loweſt rings in the 
manner of lymphatic veſſels; immediately after 
the blood, which is a watry humour or ichor, 
iſſues out at the wound, the moving fibres 
of the annuli or rings, Tab. XVII. fig. vii. 
come then in ſight. Theſe are indeed very 
wonderful to obſerve, and can ſcarce be well 
deſcribed, for they ſhoot over each other, from 
one ring to another, in a ſtraight, tranſverſe, ob- 


lique or decuſſated direction, and often join one 


another as by inoſculation. Some of them are 
longer, ſome thicker, and ſome ſmaller than 


others, as I have endeavoured to repreſent in 


ſome degree in the figure juſt now cited. But 
the muſcles are not ſo beautiful in any of the 
inſect kind as in Snails, as may be ſeen in their 
hiſtory, and the figures illuſtrating it. 

All along the courſe of the heart in the 
Coflus, ſimilar moving fibres are likewiſe placed, 
which are inſerted into the heart itſelf; and 
they, like ſo many different little ropes, expand 


and contract it. The external ſurface of the 
heart reſembles a membranous oblong tube, 


fig. V11I. a, Which is very narrow & about the 
top, and is likewiſe contracted like a knot about 
the middle of the body, and widens again c, 


and at laſt is joined d very cloſely in the hinder 


part under the thirteenth ring. On each fide 
of the heart are ſeen ſome blackiſh uneven 
points or ſpots, which render the heart, though 
tranſparent enough of itſelf, the more diſtinctly 
conſpicuous. 

If the incifion be afterwards made ſomewhat 
wider, the fat appears, conſiſting of innume- 
rable, very ſmall, and as it were ſandy, fig. 1x. 
globules, which, when viewed with a microſ- 
cope, ſeem to be again compoled of innume- 
rable and yet ſmaller particles, all which are 
ſupported. by very thin and tranſparent mem- 
branes or coats, fig. x. a a, which are variouſly 
diſtributed through the body of the Worm, 


and with their number and diverſity very much 


obſtruct the ſight of the internal parts. If this 
fat be viewed with a microſcope, the pulmo- 
nary pipes 6 6 appear to run up and down 
through it, and the fat itſelf is exhibited in 
form of minute, oily, globular particles cc, ſwim- 
ming between white, ſpherical, and membra- 
naceous parts. But when the fat of the Coſſus is 
received into a ſmall glaſs, and placed on a 
burning coal, ſtill. covered with its aſhes, then 
in roaſting there iſſues out of it an oily white 
ſubſtance in great abundance, which being put on 
paper has the ſame effect that oil has, and when 
thrown into the fire it burns very bright; and 
therefore from all theſe figns, I conclude it is 
of the true nature of fat. This fat is not of 
a regular but various figure in its diſpoſition, like 
certain pneumatic veſicles, which I ſhall here- 
after delineate in the ſheaths or caſes of the 
wings. This, however, is to be underſtood 
only in reſpect to the diviſion of theſe tranſpa- 
rent coats, whereby, as a foundation, the fat 
is ſupported, for the figure of the particles of 
the fat itſelf is commonly ſpherical. In the 
Silk-worms, whoſe fat is yellow, it appears of 
a very 
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Coffs is further examined, wma help of a 

erful microſ „it appears o an unſpotted 
es and r or ſurrounded with 
tranſparent little bubbles, almoſt like bladders: 
it is contained or encloſed in little membranes, 
and is a real oil or fluid fat; and hence there- 
fore if theſe membranes be wounded a little 
with the point of a very fine needle, it eaſily 
flows out, and a drop of it then falling into 
water, ſwims on the ſurface like other fat. 
Whilſt this fluid fat, diſcharged in this manner, 
and the white membranous particles are break- 
ing, the object in general is thereby darkened, 
and the water becomes muddy, as if there was 


ſtarch, lime, or chalk mixed with it; becauſe 


the fat then divides itſelf into many little par- 
ticles : but it is more beautiful to ſee this in the 
Nymph than in the Worm. The fat of larger 
animals, viewed with: a microſcepe, is likewiſe 
obſerved to conſiſt of very minute particles; 
- which, becauſe they are white, one would fay 
are like grains of ſand; however, they are 

ſo tranſparent, and all of them ſeem to 
almoſt of the ſame ſize, which is not the caſe 
with reſpe& to ſand, Therefore the globule 
compoſed of fat ought not to be conſidered 
otherwiſe than as a maſs of little grains of ſand 
faſtened together, though every particle of fat 
is contained in its diſtinct membrane, all which 
break in pieces and fall to the bottom, when 
the fat is melted. In the firſt rudiments of 
calves and ſheep, in the wombs of their parent, 
theſe ſmall particles of fat appear even to the 
naked eye, without a microſcope ; for as there 
are not a great quantity of them there, they may 
be the more diſtinctly obſerved. 

To proceed; as therefore the fat hinders 
much the view of the internal parts, this im- 
pediment is increaſed by the addition of the pul- 
monary tubes or pipes, for they are diſtributed 
through the Worm, in eighteen principal 
branches, in ſo different and beautiful a manner 
as cannot be expreſſed by words. Theſe branches 
proceeding from the points of reſpiration, are af- 
terwards divided into innumerable little ſprouts 
and ſhoots; ſo that there is no part in the 
Worm, to which ſome of theſe air-pipes or their 
ramifications are not extended, They are con- 


veyed even to the muſcles, to the brain, to the 


nerves, whoſe moſt minute diviſions are likewiſe 
rovided with their, air-pi Wherefore this 
\ oY as well as the other ſpecies of inſects, 
ſeem indeed to be ſuſtained much more by the 
power of a ſubtile air, than the larger animals 
and thoſe which moſt abound with blood: un- 
leſs one ſhould be inclined to think that the air 
is mixed with the blood, by means of the circu- 
lation, and with this is carried through the ar- 
teries to all parts of the body, which opinion is 
indeed not very improbable. All the pulmona- 
pipes in the Worm are ſtraight, and have on 
bladders, for only the perfect Beetle has them. 
We ſhall now leave the conſiderations of 
theſe pipes, and in more accurately the 
other parts. The of them that offers in 
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our diſſection is the ſtomach; which is indeed 
ſeen moſt diſtinctly, when the Worm's skin is 


entirely opened, Tab. XXVII. fig. xr. and x11. 
22110 It then appears that b the whole 
body of the Worm is poſſeſſed by this part. 
It conſiſts of ſeveral coats, and has moving cir- 
cular fibres, whereby its contents are agitated. 
It is always, e when it caſts its skin, found 
diſtended and full of chewed wood, or the like 
ſubſtances, amongſt which the creature lives; 
and this is the reaſon that it appears bluiſh, or 
ſometimes reddiſh, its contents being eaſily ſeen 
through its coats. This ſtomach is very narrow 


at its origin, at the mouth, whence it forms the 


gullet 5; but it is a little after expanded until 
it makes its upper orifice called the eſophagus. 
In that part the ſtomach c is on the inſide in 


front armed with about ſeventy little tooth-like 


parts d d, whereof ſome are longer than others. 
Theſe are divided into ſix orders, whereof the 
two u ones, I, 2, look forward with their 
pan bas the other four, 3, 4, 5, 6, which are 
conſpicuous. toward the lower parts of the ſto- 
mach, have their ends directed partly to the 
fore e and partly to the hinder / parts. All theſe 
open into theſtomach, in the ſame manner as the 
appendages in fiſhes open into the inteſtine next 
to the ſtomach. But I ſhall not take upon me to 
affirm that one of theſe tubes is inſerted into ano- 
ther, as is thecaſe in the Whiting. I only would 
ſay, that each tube ſeparately opens in the fame 
manner as may be ſeen in the Salmon, in which 
the pancreas opens into an ecphyſis with above 
fixty peculiar and diſtin tubes. A little lower 
the ſtomach is rendered conſpicuous by twenty- 
two whitiſh glandular tubes, Tab. XXVII. fig; 
X1. XII. g, whoſe ends are turned towards the 
hinder parts. Finally, about the lower part h̊ of 
the ſtomach, a little above the beginning of 
the pylorus, are likewiſe obſerved thirty ſuch 
tubes i i, which are alſo uneven; and ſome 
ſhorter than others; theſe are there ſituated 
— and run inward; theſe alſo open into 
the ſtomach there, and their ends point forward. 
If the middle ſeries of the tubes before deſcrib- 
ed are broken off from, or taken out of, the 
ſtomach, they reſemble the crown of a trepan. 
On the other ſide, where the ſtomach lies in 
the belly of the Worm, and the tubes are di- 
rected towards the hinder parts, a ſuture like 
the ridge of the peritonzum divides it /. There 
are infinite pulmonary fibres alſo inſerted in the 
ſtomach : on each ſide of the ſtomach are like- 
wiſe placed ſome ſmall veſſels I A, diſpoſed in 
a very regular and beautiful manner, which I 
call the vaſcula varicoſa & crocea, the ſwollen 
and yellow veſſels, after the example of the 
celebrated Malpighius, who in his excellent 
treatiſe on the Silkworms, has given that name 
to the like veſſels in that inſet. Where the 
ſtomach terminates about the pylorus, is ſeen 
a narrow and ſhort inteſtine Fs which is ſoon 
dilated m into a large, thick, and very capacious, 
though ſhort, gut, and may be properly called 
the colon; for it is of the ſame ſtructure with 
the colon ; the human ſpecies. This inteſtine 
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is commonly found very full of excrements, 
which are like the dung of Dormice. Itis by 
reaſon of the thickneſs of this inteſtine, which 


is naturally ſo vaſtly diſtended, that the leaſt or 


loweſt annuli or rings are ſmooth and * 
rent. Another reaſon is, that, as the Worm 
no fat about. theſe , the filver-coloured 
pulmonary pipes, diftributed all over this in- 
teſtine, appear very beautifully through the tranſ- 
rent skin; and indeed the elegance of this 
ht is the more remarkable, becauſe the in- 
teſtine is of a purpliſh or bluiſh colour. The 
pulmonary pipes juſt now mentioned reach on 
each fide nu, from the points of reſpiration to 
this inteſtine, and are diſtributed thereon, as well 
as on tlie extremity of the ſtomach and ſtraight 
gut. I have omitted repreſenting here the other 
ulmonary pipes, that I might be able to ex- 
bibit the other eight orifices 0 0 thereof in 
their natural ſituation, and as they ſhew them- 
ſelves when the fat and all other impediments 
are removed. This inteſtine bends itſelf by de- 
grees towards the ſtomach, and there ends in a 
narrower canal, which is directly under it p, 
and which I call the ſtraight gut ; becauſe it 
agrees with that inteſtine in figure, inſertion 
and uſe. . 

I at firſt ſuppoſed the ſpinal marrow, Tab. 
XXVIII. fig. 1. to be in this, as it is in other 
_ Inſects. But afterwards, by opening two 
Worms which I had kept ſince the laſt year, 
I obſerved that the marrow in this creature 
differed very much, not only from that of 
other inſets, but alſo from that of the Silk- 
worms, to which in many things elſe the 
Worm has great reſemblance. As the marrow 
in the Silkworm conſiſts of many globules, 
which the celebrated Malpighius has been 
pleaſed to call ſo many brains, this, being form- 
ed in a quite different manner, ſcarce extends 
to the third or fourth annular diviſion of the 
body; but whatever part of itafterwards reaches 
to the other rings of the Worms, or whether 
what we ſee there are no more than nerves 
ſhooting from this principal body of the mar- 
row ; which, like ſun-beams, beautifully and 
wonderfully diſtribute themſelves through the 
body of the treature, and thus give ſenſe and 
motion to the circumjacent muſcular parts, 
none yet can ſay. Though there is a diſtri- 
bution like this in the Silkworm, yet the ſpinal 
marrow itſelf in that inſect is extended through 
the whole body. Hence the marrow in the 
Coſſus is very ſhort, but the nerves are longer. 
I have again, ſince the firſt experiments, 
examined this marrow in a ſmaller Worm, 
which I had raiſed from the egg; but becauſe 
the body of the Worm is very ſhort and com- 
pact, the marrow is therefore ſituated ſome- 
what deeper, and thence appears very diſtinct and 
beautiful. The à brain of the Coſſus is placed 
in the head, and conſiſts of two hemiſpheres, 
which together form one body. In the fore 
part are ſeen four little nerves iſſuing out of 
the ſubſtance of the brain; alſo, out of each 
ſide of the brain there iſſue two remarkable 
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nerves 6, x hich ' firſt leave a large | opening 
between them, and afterwards again meet to- 


body of the-marrow c. This marrow, it ap- 


pears, may be divided into fourteen'globules, 


as it were diſtin, whereof the three laſt to- 
gether form one more — diviſion: more- 
over, the nerves very elegantly branch as they 
ſpring out of this marrow, s 
e muſt here obſerve that the gullet paſſes 
through the opening of the marrow which 
we have juſt named, in its courſe towards 
the external mouth of the Worm. And. in- 
deed there was a neceflity for this ſtructure, 
for as the ſtomach and gullet are ſituated in 
the neck and belly, and the brain lies above 
in the head, the marrow muſt neceſſarily have 
been ſituated only on one fide, unleſs there 
had been a hole in it for the gullet to paſs 
through ; hence it is contrived | 
row poſſeſſes the middle of the body. The 
moſt wiſe Archite& of the univerſe has taken 
care, by means of this opening, that the mar- 
row ſhould not be f to twiſt or turn itſelf 
round about the gullet, which could ſcarce 
have been any other way avoided. In the 
ſame manner the gullet paſſes through an 
opening of the marrow in Silkworms : this 
e famous Malpighius has neither deſcribed 
nor delineated. This author has likewiſe de- 
lineated fewer globules of marrow than are 
really in the Silleworm, and he has entirely 
omitted the brain, But it is eaſy to add to 
what has been diſcovered before. As this mar- 
row 1s divided only once, and that at the be- 
ginning of its courſe in this Worm, it opens 
many times in the Silkworms, as Malpighius 
has very juſt remarked. It is alſo further re- 
markable that two conſiderable branches of 
the pulmonary tubes, which are ſilver coloured, 
and glitter like mother of pearl, are obſerved 
to paſs over the marrow of the Coſſus in many 
ſerpentine windings. Theſe branches with their 
ramifications accompany the nerves iſſuing 
out of the ſpinal marrow, unto their fineſt or 
moſt delicate diviſions, which is alſo the caſe 
in Silkworms. However great, therefore, the 
difference may be between the marrow of the 
Coſſus and Silkworm, the brain and branching 
nerves meet again in both. The nervus 
recurrens, Tab. XXVIII. fig. 11, deſerves 
moſt conſideration of any; becauſe, as in 
larger animals, and in man, this provides 
nerves for the beginning of the ſtomach, and 
other parts adjacent: it performs the fame 
office equally in the Colſas and Silkworm. 
But in order to underſtand how this is ma- 
naged, I muſt repeat what I have before ob- 
ſerved, that the gullet paſſes from the external 
mouth of the creature, through the opening 
of the marrow towards the ſtomach, and that 
therefore the marrow ſeems to be divided 
into two parts,purpoſely that it might tranſmit 
the gullet. A further, advantage that ariſes 
from this is, that the brain is there lodged 
gently on the gullet, and is joined to it by 
means 


er a little lower, and there conſtitute the 


at the mar- 
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means ofthe emitted nerves ang gonnecting 


pulmonary pipes; ſo that the brat lies above 


on the gullet, and again the gullet and ſtomach 
are — upon the ſpingl marrow ; which 

rt having no bone, is thus defended by them. 

he brain then being ſituated in the manner 
thus mentioned in \ 4 Coſſus and in K- 
worms, emits underneath from its baſis two 
tender little nerves, which I repreſent, fig. 11. 
aa, as they appear when cut out of the Coſſus. 
Theſe nerves, called recurrentes, are directly 
from thence carried 5 b upwards, towards the 
mouth, and being then very beautifully bent 
they run back cc, and uniting d a little above 
the brain, form a knot there. Out of this 
knot there ſprings another nerve e, which be- 
ing conveyed under the brain, and deſcending 
along the gullet wy degrees towards the lower 
parts, — — to the beginning of the ſtomach, 
and there, before it —— its branches in the 
ſtomach, making another knot leſs than the 
former, at laſt terminates in numerous very 
ſmall nerves g: but theſe I could not trace 
further in the preſent experiments; though I 
am confident I could do a great many more 
things in theſe matters by the help of ſome 


peculiar methods of diſſection, if I had not 


been then ſtinted in time, p 

As theſe nervi recurrentes are extremely re- 
markable and worthy of conſideration, I have 
therefore repreſented them ſeparately, and 
ſognewhat beyond their natural ſize. In the 
next place I have added a 8 exact figure, 
wherein the brain, fig. 111. a, the ſpinal mar- 
row 35, &c. the nervus recurrens, and the 
reſt of the branching nerves are ſhewn as they 
appear in Silk-worms. But there are two of 
theſe nerves very remarkable pp, which I 
would have the reader ſeriouſly and repeatedly 
confider : they are perforated 6 in a wonder- 
ful manner by the vaſla deferentia of the teſti- 
cles in the Silk-worm Butterfly rr. But whe- 
ther this conduces to pleaſure in this ſpecies of 
inſets, or to any other uſe, I leave others to 
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determine. I have in the ſame manner deli- 
neated with the others the genitals of the Silk- 
worm Butterfly, and expreſſed them in the 
ſame, figure with theſe nerves. A ſhort ex- 
planation of this, as well as of all the other 
figures, will be found at the end of this work. 

I have found out-an excellent arid uncom- 
mon method , of. preſerving all theſe parts of 
they, brain and marrow,” by the help of which 
I can form them into a body, and —. them 
in their natural colour and fize ; whereas other- 
wiſe they are utterly deſtroyed. by keeping, I 
ſhall communicate it when I publiſh my pecu- 
liar anatomical obſervations. - I have, as a ſpeci- 
men of the uſe of this method, preſerved in this 
manner a great many ſuch minute parts, which 
thoughthey cannot be inveſtigatedandexamined 
without infinite induſtry. and tedious labour, 
in the creatures themſelves, yet when they are 
thus preſerved, preſent themſelves more fami- 
liarly to view than in their natural bodies, 
I cannot in the courſe of this hiſtory avoid 
relating, how much the Peacocks and Peahens 
are delighted with eating theſe Worms ; and 
hence I am inclined to believe what Mouffet 
alledges from Pliny and Hieronymus, that the 
ancients uſed to eat them as a very delicate 
kind of food in Pontus and Phrygia. But pro- 
bably this was the ſpecies of Coſſi, out of 
which the larger Beetles are produced. If any 
perſon would eat the Coſſi of our country, they 
muſt be firſt kept faſting until all their excre- 
ments are conſumed, When I have a mind to 
keep the Worm itſelf for future obſervations, 
I make a ſmall inciſion in the hinder part of 
its body, and having afterwards preſſed out the 
entrails through the wound, I fill the cavity 
with injected wax. Another method is this: 
all the fat of the Coſſus muſt be firſt conſumed 
with oil of turpentine, and then it may be pre- 
ſerved according to art. This different and 
much more uncommon method of preſerving, 
I ſhall likewiſe explain in due time &. 


8 


The manner wherein the Norm is changed : how its inivard parts are transformed 
in their increaſe and growth, and the wonderful metamorphoſis of the Worn 
into a Nymph. Alſo the method whereby the points of reſpiration, or breathing 
holes, are tranſpoſed : to which are added many uncommon obſervations. | 


HEN the time of this Worm's change 
approaches, which in the year 1673 
happened on the ſixteenth of Auguſt, in thoſe 
I obſerved the Coſſi penetrate deeper into the 
ground, or into whatſoever ſubſtance they in- 


habit, and ſeek for places that are more firm 
or compact, wherein with the preſſure of their 
hinder part, they form a very artificial oval 
cavity, Tab. XXVIII. fig. w. every where 


ſmooth and poliſhed. They lie a little while 


The Beetles are a genus of inſets ſcarce leſs numerous than the Butterflies, We owe the firſt rational attempt towards arranging 
them, and diſpoſing them in method, to our countryman Dr. Martin Lifter: he divided them firſt into the land and water kinds : the 
firſt comprehend all thoſe called by this author Scarabzi ; the latter Hydrocanthari, or water Beetles. Theſe laſt are of two kinds, ac- 
cording to their place of living, ſome delighting in freſh others in ſalt waters. There are vaſt differences in their horns or antenne, 
of which we ſhall ſpeak preſently ; but theſe do not fo happily diſtinguiſh them as the two great diviſions of the Butterflies. 
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immoveable in this cavity; and immediately 
after they become, by degrees,” by'voiding the 
excrements and by the evaporation of their 
humidity, more ſlender, - Rofter, and uneven 


in the body, wich more furrows or wrinkles 


than before; theſe, however, are alſo diſpoſed 
on the ſkin in a Very beautiful manner: and 
hence both the diſtefion-ard clearneſs of the 
ſkin diſappears {6 perfectiy, that one would 
think the creatures were rh ple degrees, 
and their ſubſtance conſumed hunger. 
It is remarkable that at this time the internal 
parts of theſe Worms do net appear protube- 
rant through the -ſkin, as is the caſe in Silx- 
worms, and in the Worms of Bees and other 
inſects; though one may ſee even theſe already 
under the skin, and alſo diſtinguiſh by what 
degrees they increaſe. , 
Befote I proſecute this matter further, it 18 


neceſſary to know, that if the Coſſus be diſ- 


ſected about this time, its diviſton into the 
head, thorax, and belly, may be diſtinguiſhed 
very clearly. The gullet, fig. v. a, keeps its 
* form: but the ſtomach 55 is changed 
and greatly contracted : the fame likewiſe hap- 
pens about its ages, ce, for theſe al- 
moſt totally vaniſh. The vaſa crocea or va- 
ricoſa 4d, the yellow or knotted: veſſels before= 
mentioned become more looſe andfree; though 
in the mean time they do not yet ſeparate from 
the ſtomach. On the hinder part of the 
ſtomach, about the pylorus e, is ſeen the in- 
ſertion of theſe veſſels ; for they ariſe there in 
four diſtinct tubes, ſo that properly they ought 
to be called inteſtina caeca, cloſe or blind guts. 


The ſame may be likewiſe ſeen in diſſecting the 
| Bee-worm, in the figures of which I have 


likewiſe - delineated - theſe veſſels. The in- 
teſtine colon F to this time nearly keeps its 
bigneſs, nay, it now preſents g its little cells to 
view more diſtinctly than ever. Towards the 
hinder parts, under this, or towards the in- 
teſtinum re&um +, are ſeen curious veſſels 
twiſted in a wonderful and very beautiful man- 
ner, on each fide of that inteſtine 1. We 
may likewiſe at this time eaſily divide the ſub- 
ſtance of the ſtomach into its three coats, and 
diſtinguiſh its moving fibres. 

It is admirable beyond all comprehenſion, 
how the Worm of the Hornet that is to put on 
the form of a Nymph, diſcharges at the ſame 
time all its excrements, together with the in- 
ward coat of the inteſtine, or rather of the 
ſtomach, which embraces or contains them; 
ſo that by this means this entire membrane 
and all the collected fœces are thrown out of 
the body together. The ſame thing happens 
in this caſe as does with reſpe& to infants 
whilſt encloſed in the mother's womb : for 
they likewiſe retain together in their inteſtines 
until the time of birth all the excrements 


which are formed in the ſpace of nine months. 


I have alſo obſerved the fame thing exactly in 
the Calves from the Cow's belly : nay, what 
is very ſingular is, I have found in theſe ex- 
crements hairs in every reſpect like thoſe that 
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cover the ſurface of the body, a icularly 
thoſe about their mouth. From this obſerva- 
tion I really think it is moſt clearly proved that 
animals often lick heir body in the uterus with 
their tongue, and thus ſwallow their own hairs 
with their food ; and that thoſe hairs are after- 
wards mixed with excrements as I have found 
them. Therefore it is moſt ſtrongly demon- 
ſtrated, that the humours wherein the ani. 
mals ſwim in the uterus, and which are like. 
wiſe found in their ſtomachs, ſerve them as 
food. Their excrements are whitiſh in the 
upper part of the inteſtines, and yellow a little 
lower ; a little they are of a yellow 
green and blue; and at length, in the end, 
they are of a brown and blackiſh colour. The 
excrements that are found in the' Worms of 
Hornets are in all reſpects of the ſame form, 
figure, and ſubſtance : hence it is clearly evi- 
dent, that all the Worms of Hornets feed 
upon one kind of food, and this is principally 
a ſmall ſpecies of Cantharides, In theſe Flies 
the little parts over the eyes, the legs, and 
the caſes which cover the wings, are obſerved 
to glitter like gold, and theſe are found in their 
faeces. The Hornets therefore bring up their 
young like birds of prey. | 

After we have obſerved the manner wherein 
the external and internal parts are changed by 
a flow accretion in the Coſſus, it gives us 
pleaſure to obſerve that ſuch of I as are 
not to be changed at all, and others which 
have lately increaſed by under the skin, 
are gently diſtended by the force of the blood 
and impelled humours : hence it happens, 
that the body in general contracting itſelf more 
and more, and al the blood being propelled 
towards the ſore parts, the skull at length opens 
— artificially into three parts; which like- 
wiſe happens, as we have before obſerved, in 
the change of the skin, which the Worm un- 
dergoes. The skin then likewiſe opening in 
the middle of the back, is, by means of an 
undulating motion, which is obſerved along 
the annular inciſions of the back and the reſt 
of the body, carried down inſenſibly by de- 
grees: and hence the eyes and horns, the lip, 
and the ſharp- pointed aritennz, caſt their 
exuviæ or skins at one and the ſame time, and 
are extended, and inflated with blood, hu- 
mours, and air: they thus acquire by de- 
grees the ſituation which they before had 
in the Coſſus. Whilſt all theſe things are 
doing, a watery and thin moiſture is diffu- 
ſed between the new and old ſeparating skin, 
which renders the parting of the two the 
eaſter. 

The firſt part of the Nymph that appears 
after this cha of the dan, is the horn on 
the noſe, fig. vi. vii. and vIII. a, which be- 
fore lay under the skull in the Coſſus ſtate, 
Under this are afterwards ſeen ſome very low 
prominences on the bafis of the horn 5. At 
each ſide of it alſo two ſpherical tubercles ap- 
pear cc, iſſuing from the teeth of the Coſſus, 


which are much ſhorter here in the Nymph 
as 


A 


zs alſo in the future Beetle, than they were 


in the Coſſus or Worm. Near theſe tubercles 
on each ſide are likewiſe ſeen two other 
pair of ſphericle ſimilar tubercles ee, which 
ſprung from the horns f of the Coſſus, and 
which are to be afterwards changed into the 
' horns of the Beetle. Two ſuch little parts 
alſo, but more oval in their ſhape, are obſerved 
gg to be placed on each of the inward parts of 
the ſides of the former tubercles. Theſe little 

rts have their origin from the jointed 55 
bricly hairs of the Coſſus; and are likewiſe, 
though in another form, found afterwards in 
the Beetle. Three beautiful ſhort tubercles 
preſent themſelves alſo in the middle i, which 
upon changing the skin have likewiſe ariſen 
from thoſe particles, which may be ſeen in the 


head of the Worm under the letter 4. A little 


under thefe there appears alſo a larger ſphericle 
diviſion I, which is horny or bony in the fu- 
ture Beetle, and forms the neck which is be- 
ſet on each ſide with hairs. Above this, near 
the horn, is ſeen on each ſide the breaſt bone . 


A little lower on the breaſt is ſeen the firſt pair 


of legs 1, 1, with their joints: and under theſe 
another pair 2, 2. Then follow the n ſheaths 
or caſes of the wings on each ſide, under which 
a part of the covered wings oo is likewiſe pro- 
minent. Theſe wings appear at this time beau- 
tifully expanded by the force of the blood and 
air that are by degrees impelled inwardly, 
though they were before complicated, and ap- 
peared as if grown together under the skin of 
the Coſſus. Below theſe is placed the laſt 
pair of legs 3, 3, which are in ſome meaſure co- 
vered with the wings and their caſes. All theſe 
legs and their joints are ſtretched out ſtiff, and 
diſtended with the fluids of the body and air, 
and thus remain without any motion fixed in 
the ſame poſture, until the Nymph is changed 
into a Beetle, Finally, under the laſt pair of 
legs may be ſeen the rings of the abdomen p p, 
diveſted of their skin; and the extremity of 
the fundament g, out of which the inteſtinum 
rectum has caſt its exuvia or skin, as the gul- 
let did with the upper parts. Theſe little 
parts are like two (mall ſhields. As to the 
eyes they are very conſpicuous in the Nymph, 
but they cannot be repreſented by the ſame 
figure, becauſe they are ſituated a little deeper 
behind the horns. The whole motion of the 
external parts of the Worm is now totally loſt, 
in the ſame manner as it was before when the 
Worm was in its egg : hence the creature is 
twice as it were in a uterus, and twice in the 
Nate of a fœtus. Some ſmall motion remains 
in the tail or fundament of the Nymph, be- 
cauſe the extremity of the abdomen undergoes 
the leaſt change of all. Thus the Nymph, 
by moving the kinder rings of its body or tail, 
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can move itſelf and change its ſituation in its 
little cell: this is likewiſe performed by the 
Chryſalis of the Silk-worm when it lies in 
its web. | 

In this moſt wonderful change of the skin, 
and tranſpoſition of limbs and parts of this 
inſect, nothing demands greater attention, than 
what we may obſerve about the points of reſ- 
piration: for though each of thoſe nine points 
which are ſituated on each ſide of the body 
caſts a skin, yet this can be diſtinctly affirmed 
only of the five foremoſt ones, for the four 
loweſt or laſt points on each ſide change their 
skin as the reſt, but they loſe all their priſtine 
form at the ſame time; three of them on each 
ſide become ſhorter, and the fourth is entirely 
cloſed up. At the very ſame time that the 
Worm, under this prodigious — 4 of its 
skin, is transformed into a Nymph, a vaſt 
number of diſtinct tubules or pipes is likewiſe 
thrown out from all thoſe reſpiratory points, 
and theſe tubes, being each obliged to paſs 
through that narrow orifice, appear like ſo 
many ſmall and ſimple filaments, though, in 
reality, each of theſe eighteen little fibres, as 
they ſeem, is compoſed of many pulmonary 
pipes, that are laid cloſe together. 

In order to underſtand theſe things the better, 
I ſhall add a figure to the deſcription of them, 
and in Tab. XX VIII. fig. 1x. a Nymph of the 
Coſſus laid on its belly, and ſhall exhibit all the 
annular diviſions and points of reſpiration in its 
back. Theſe points ſhall be afterwards ſeverally 
repreſented. in their ſituation, as they appear 
after the Nymph is changed into a Beetle, The 
firſt thing then ſeen here is the horn of the 
noſe 1, fixed on the head, which conſtitutes 
as it were the firſt ring of the creature : then 
follows the ſecond annular incifion 2, wherein 
the firſt point of reſpiration is placed, ſo ſituated 
laterally under the firſt pair of legs in the 
breaſt, that it does not appear but when the 
Nymph is killed. The third and fourth rings, 
3» 4, are ſeen both without points of reſpiration, 
becauſe the wings and caſes thereof are placed 
there *. Beſides theſe, two annular "ar" as in 
the Nymph are concreted into one ring, and 
then form the lower part of the thorax or 
back. In the mean time, when theſe are 
caſting their ſkin, on each fide between the 
rings of the thorax, two little ropes as it were 
of 8 tubes are caſt out of the body, 
as has been before repreſented in the e, 
where we have deſcribed the change of the 
skin which the Worm itſelf undergoes. But 
theſe apertures are afterwards cloſed up in the 
Nymph, until having caſt its skin, it at length 
becomes a perfect Beetle, wherein theſe orifices 
are at length totally aboliſhed. The fifth rin 
5, contains the ſecond point of reſpiration, which 


In the outer caſes of the wings in Beetles there is a vaſt diſtinction, not only in colouring and ornament, but in ſhape ; ſome 
cover the whole body, and are a defence to the inner wings, with little foldings of thoſe more delicate parts: but in others theſe 


outer wings or Caſes of wings are ſhort, and only fall over 


ſhoulders. This is the caſe in that common and di 


black Beetle 


which crawls about damp hedges, with its body naked and annular; the under wings are beautifully folded uß under their (mall 
es, | | | |; 


Oo 


cannot 
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cannot be ſeen diſtinly, being ſituated partly 
under the wings of the Nymph. But a par- 
ticular, very worthy of notice here, is, that this 


other point of reſpiration is in the Nymph 


removed to a greater diſtance 'from the firſt, 
than it had been at firſt in the Coſſus itſelf, and 
as I have figured it in that ſtate ; ſo that by this 
means it is conſiderably drawn back towards 
the hinder parts. The ſixth ring 6, next to the 
former, contains the third point of reſpiration, 
which is very diſtinctly ſeen externally in the 
Nymph, at the extremity of the abdomen. In 
like manner the ſeventh ring 7, ſhews the fourth 
point of reſpiration, and the eighth 8, ſhews 
the fifth. But the ſixth and ſeventh points of 
reſpiration, conſpicuous in the ninth and tenth 
9, 10, rings are again cloſer, The eleventh, 
twelfth and thirteenth rings 11, 12, 13, conſti- 
tute as it were one connected joint together ; and 
the eighth and ninth points of reſpiration, which 
are ſituated at or near theſe rings in the Worm, 
likewiſe become not only cloſer and more com- 
pact, but the laſt of them is in this ſtate almoſt in- 
viſible. As to the fourteenth ring 14, it is not 
viſible when the Nymph is in this manner 
placed on its belly, but on the other fide it is 
ſeen beautifully, reſembling two oblong oval 
little ſhields. O wonderful changes! whereby 
the creature comes into the world as it were 
new formed, and yet is moſt certainly the ſame 
that it was in the Worm. 

The Worm being in this manner diſengaged 
from its skin, transformed by accretion, and 
having its limbs and- parts changed into the 
ſtate of a Nym ely twiſts and compreſſes 
the caſt skin by*the motion of its fundament, 
and the ſkin is afterwards thrown towards 
the hinder parts under the belly. The 
Nymph is at that time very white, only that 
on the fifth, ſixth, eighth, ninth and tenth 
rings of the back, there appear ſome delicate 
or horny hardiſh corpuſcles, which approach 
to a bright red colour; in the little ſhields alſo 
of the laſt ring, and here and there in its body 
and legs the like ſubſtances are at this time alſo 
ſeen. The Worm or rather the Nymph is at 
this time very delicate, tender and flexible, and 
as it becomes remarkably ſhorter, on the other 
hand it is expanded conſiderably in breadth and 
thickneſs; for the blood and air have very con- 
ſpicuouſly inflated the wings and the reſt of 
the parts, in the part towards the head, and 
diſtended them ſo that they are become rigid. 
If we view this Nymph nearer, we obſerve 


that the tranſparent productions of the wind- 


pipe appear not only in the legs, but in the 
wings themſelves, and in their ſheaths and 
caſes; nay, they are ſeen alſo in the ſubſtance 
of the horny or bony part that ſtrengthens the 


thorax. 

About this time the Worm or Nymph re- 
ſembles a tender young infant very lately brought 
into the world, and which is rolled up in its 
firſt ſwaddling cloaths, and cannot yet bear much 
handling. We may more properly indeed 
compare this Nymph to an Embryo, which, 


being lately conceived in the uterus, may, by 
force of the injuries offered it by the mother's 
imayination, be injured in various manners : for 
the impreſſions which the Nymph receives at 
this tender age, are not aboliſhed even when it 
is grown up or is become a Beetle, Hence, if 
the horn, legs, or other parts are bent in the 
Nymph, or diſturbed in any manner, they al- 
ways afterwards remain thus deformed in the 


| Beetle; and the Beetle catries with it through 


life the veſtiges or remains of all the injuries 
inflicted on this feeble and tender little creature; 
this is agreeable to the ſentiment of the poet: 


Quo ſemeleſt imbuta recens, ſervabit odarem 
teſta diu. —— 
That is, 
« A new veſſel will long preſerve the ſcent 
of the firſt liquor poured into it.” 


This change therefore merits the greateſt ad- 
miration and the moſt attentive regard, by 
means of which the creature for ſome days 
exhibits the future parts of the Beetle ſo finely 
and beautifully diſpoſed, and formed in ſuch a 
manner, as that they will one day ſerve the crea 
ture in a more perfect ſtate of life, to walk, 
fly, and take its nouriſhment. I therefore really 
think, that the Coſſus of this ſpecies comſtituted 
in the form of a Nymph, affords an appear- 
ance ſo ſingular, that among all the ſtrange and 
aſtoniſhing appearances of inſects, it cannot be 
equalled. I ſhould be very glad to ſee hereafter 
the Nymph of the ſtag-horned Beetle, for I 
ſhould think it would make a much more ſplen- 
did figure when it prepares itſelf like a bride, 
in all its decorations, for a new and more noble 
ſtate of life. 

The Chryſalis of the ſwift Butterfly de- 
ſcribed by J. Banhinus in the year 1 590, among 
the Mouches ou Papillons non vulgaires, or the 
uncommon Flies or Butterflies, is very rare and 
admirable. Aldrovandus, Lib. II. Cap. de Chryſ. 
Tab. VII. fig. 1. exhibits a kind of figure 
thereof. Mouffet alſo, pag. 105, deſcribes the 
leaſt ſpecies of the ſaid Butterflies, and properly 
calls it the ſwifteſt of all, for indeed the ſwal- 
lows do not fly with greater velocity than theſe 
little creatures. 

. One thing very ſingular in theſe Butterflies 
is, that they fly and eat at the ſame time, 
though this alſo is the caſe with ſwallows, -and 
among inſects with the Libella or Dragon- Fly. 
On the other hand ſome Flies, after they have 
ſeized on their prey, reſt in ſome convenient 
place to devour it, as in particular the Wolf- 
Fly. But as Swallows eat and fly at the ſame 
time, ſo theſe, at other times nimble Butter- 
flies, flutter when they feed in ſo flow, regular, 
and orderly a manner about the flowers where 
the food proper for them is depoſited, that you 
would imagine they had loſt all motion, and 
hung ſuſpended in the air; but they are hard at 
work all the time, for they then thruſt out a 
very lender proboſcis or trunk about two inches 
long, with two perforations in it, hos 
whic 


which they ſack the honey of the flower; and 
this being exhauſted, they ſo quickly draw 
back this ſurpriſing organ, and fo artfully coil 
it up between the little forked parts which are 
placed, under their eyes, that it entirely diſap- 
pears, ſo that to find it out, one muſt be well 
accuſtomed to the ſtudy of theſe creatures. 
This inſect being ſcarce, I have given the fi- 
gures of it, as it appears in the reſpective ſtages 
of its exiſtence as Worm, Tab. XXIX. fig. 1. 
Chryſalis, fig. 11. and Butterfly, fig. 111. 

As the manner of feeding of this Butterfly 
is very fingular, I-ſhall add another obſervation 
of the ſame kind, in regard to the manner of 
feeding of a certain aquatic inſect that always 
lives under water. This inſect is, properly 
ſpeaking, no other than a peculiar kind of wa- 
ter Worm, conſiſting of thirteen rings, the head 
and tail included. The head is very large in 
proportion to the creature's ſize. It has fix 
hairy legs, fig. Iv. a a, beſides two ſpots or 
ſmall parts covered with hair likewiſe 5, which 
terminate the tail, and are uſed by the creature 
when it ſwims as a rudder to govern its mo- 
tions. The inſet by means of this tail, can 
alſo at pleaſure ſuſpend itſelf on or near the ſur- 
face of the water; when it erects its tail above 
the ſurface, the water flows from it on every 
ſide, and thus is this ſuſpenſion formed. This 
inſect has beſides in its head two very remark- 
able teeth, or more properly jaws c c, which 
are large, ſharp, crooked, and very ſtrong, 
and it 1s perhaps able to contain the muſcles 


ſuch teeth or jaws require, that nature has made 


the head ſo large. This Worm has ſix eyes dd 
on each ſide of the head. I have here repre- 
ſented eight of them. There are beſides ſix arti- 
culated briſtles belonging toit, of whichfour ee ee 
lie underneath and between the teeth, and the 
two others under the head ff; but ſome may 
imagine that theſe laſt ſhould be called horns. 
This is a cruſtaceous creature like a Shrimp, 
On each fide of the body are fix holes for reſ- 
piration g in the rings of the abdomen, with two 
more for the ſame purpoſe under the body near 
the fore legs. This Worm is repreſented in 
the moſt curious figures of Hoefnagel, that 
were engraved after his minute and moſt accu- 
rate deſigns, part firſt, page 1. Mouffet alſo 
deſcribes it in the 37th chapter of his theatre 
of inſects, and gives in ſome ſort a drawing 
of it. This inſect lives entirely on other little 
creatures that inhabit the ſame element, in par- 
ticular on the Scrophula and ſmall freſh water 
ſhell aſh, When about to eat, he ſeizes with 
the two teeth we have mentioned the little 
creatures that come in his way, and pierces their 
body with its ſharp and crooked points, which 
being perforated from the point to the root, he 
in a ſurpriſing manner ſucks through them into 
his mouth the blood of the unfortunate captive. 
This may be eaſily ſeen, eſpecially when the 
blood of his prey is of a red colour, as the 
teeth are tranſparent, I threw to this Worm 
a bit of a Colfus, at the ſame time carefully 
obſerving with a microſcope how he devoured 
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it: together with the blood, there aſcended 
ſome air in ſmall bubbles through the cavities 
in his teeth. The ſight of this creature in the 
water is very acute, for-which purpoſe nature 
has ſupplied: it, as I already mentioned, with 


twelve black eyes, which are placed at ſome + 


diſtance from one another, but theſe eyes, like 
the eyes of other inſects, have no motion, and 
therefore are placed in a different manner from 
thoſe of Crabs, Crawfiſh and Shrimps, which 
are moveable. When therefore this Worm 
perceives any thing that it likes, it immediately 
darts at the object through the water, ſeizes it, 
and pierces it with its ſharp pointed teeth. In this 
manner we may procure ourſelves a very enter- 
taining and ſurpriſing fight, by throwing to it 
a ſmall Earthworm; for let this laſt move, 
twine, and otherwiſe beſtir itſelf ever ſo much, 
the other keeps his hold, and very calmly fucks 
the blood of his priſoner. The inteſtines of 
this Worm differ extremely from thoſe of land 
inſets; its windpipe has fewer ramifications, 
though theſe at the ſame are more large and 
ſpacious. They are likewiſe more membrana- 
ceous, of a leſs firm texture, and not of quite 
ſo deep a colour. The heart is ſituated near 
the back, and the ſpinal marrow in the lower 

rt of the body, This laſt conſiſts of glo- 
= as in the Silkworm, but theſe lie fo cloſe 
to each other that they form a connected body 
of marrow, more like that of the Coſſus than 


'a Silkworm. In the part where the nerves 


unite with theſe globules, the ſpinal marrow 
itſelf looks like a bracelet compoſed of coral 
beads ſtrung upon two threads. The remain- 


ing parts are the ſtomach and the inteſtines, 
w 


ich are partly of a white and partly of a 
bluiſh gray — the ſame With thei, con- 
tents, from which indeed they receive it. The 
Vaſa Crocea, or yellow veſſels, as they are uſu- 
ally called from their colour, are in this inſect 
purple, or otherwiſe, they are thick ſet with 
purple ſpots, but they look whitiſh at bottom, 
which affords a very agreeable fight. 

On examining with a microſcope the 
teeth of this Worm, they appear very. ſharp 
pointed, Tab. XXIX. fig. v. 4, and a little 
bent towards the point. There was likewiſe a 
kind of ſuture & in that part where I cut out 


one of them, formed by a ſharp protuberance 


in the middle of the upper ſegment, with a 
ſuitable cavity in the middle of the lower to 
receive it, the edges about both being ſmooth 
and even c. The aperture by which this inſect 
ſucks the blood of its prey, lies on the ſurface 
of the tooth near the point d, and reſembles an 
oblong lit, with black edges covered with very 
fine hairs. It is extremely probable that ſome 
peculiar ſpecies of the Water Beetle proceeds 
from this Worm, when having remain- 
ed in the water a ſufficient time, it be- 
takes itſelf to the land to undergo its mutation; 
but this is mere conjecture. The | horſe Fly 
has another method of feeding itſelf, bei 
furniſhed, as I haye elſewhere remarked, wit 
a ſting as well as a trunk or proboſcis. As » 
the 
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the Gad Fly and its Worm, I ſhall hercafter 
treat of it by itſelf, under the fourth order or 
claſs to which it belongs; but I cannot help 
remarking in this place, that the Worm from 
which it comes breathes by itsanus, and carries 
its legs in its mouth near the jaws ; thus ſerving 
to prove that the Almighty can form veſſels of 
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every kind like the potter, ſome for more, and 
others for leſs honourable purpoſes, but all to 
his own glory ; ſo that there is not a creature, 
however contemptible in appearance, which 
does not clearly point out the exiſtence, and 

forth and extol the ' adorable per. 


loudly fin 
fections * a ſupreme Being. | 


V. 


In what manner the Nymph is filled with a ſuper fluous moiſture, which after. 


wards evaporates. 


The anatomy of the Nymph. How, on caſting off its ſtin, 


it becomes a Beetle, with ſome wonder ful diſcoveries in natural hiſtory. 


AVING ſhewn in the foregoing chap- 

ter what the Nymph is, and by what 
means the Worm puts on this elegant form, 
to prepare itſelf as a bride for its enſuing nup- 
tials, and for the act of generation; I ſhall 
now treat of thoſe changes, by means of which 
the Nymph attains this preſent ſtate, and at 
the ſame time give a diſſection of ſome of its 
internal parts; for thus the reader will more 
eaſily underſtand how this Nymph grows at 
laſt to a Beetle, and being arrived, as ſuch, to 
a ſtate of maturity and perfection, propagates 
its ſpecies. 

The firſt thing to be conſidered on this oc- 
caſion, is that peculiar motion of the blood and 
humours, which expand the parts of the 
Nymph, and make it weigh at firſt, a little 
after its change, a great deal more than it does 
even afterwards in the Beetle ſtate. This ſin- 
gularity is likewiſe remarkable in the Nymphs 
of Bees and Hornets. The Nymph of the 
Hornet in particular weighs ten times as much 
as the Hornet itſelf, This makes me conſider 
the Nymph under theſe circumſtances as a 
dropſical perſon, who, by having his limbs 
{ſwelled with ſuperabundant humours, loſes the 
power of thoſe muſcles by which they were 
to be put in motion, and thus remains inactive 
till the ſuperfluous moiſture is ſome way or 
another diſſipated. Nor is it the limbs alone 
that are thus ſwelled in the Nymph); all the 
muſcles themſelves partake of the change, and 
even the very bone into which they are inſerted. 
This, which was before of a horny ſubſtance, 
loſes its ſolidity, and by becoming membrana- 
ceous and ſoft, and in a manner fluid like wa- 
ter, is no longer capable of being acted upon 
by them, and continues in this condition, till 
the ſuperfluous humours are evaporated in a 
certain ſpace of time, which is abſolutely ne- 
ceſſary for that purpoſe. We may perceive by 
a continued obſervation, that the external skin 
of the Nymph is at firſt extremely delicate, 
that it hardens, as it dries, by degrees, and that 
its colour grows more and more yellow, till it 
changes at length to a deep red, after that to a 
deep brown, and at laſt to a light red. But 
all theſe appearances are owing to the growth 


of the internal parts, in order to form the fu- 


ture Beetles, as they ſhew themſelves through 
a tranſparent skin that covers them. 

When this Nymph has paſſed ſome days in 
ſweating off the ſuperfluous moiſture, with 
which it is loaded, a little articulated whitiſh 
line appears like a ſlender thread through the 
tranſparent skin, with which the legs are co- 
vered, which is no other than the firſt rudi- 
ment of that horny or bony ſubſtance, which 
begins to harden, and is in time to conſtitute 
the legs of the creature.” On ſtripping off this 
skin, and attentively examining the ſolid or 
horny part it contains, the latter appears to 
float in a limpid fluid, which ſurrounds it on 
every fide, and is at this time fo very tender 
that it is eaſily injured, and will fall off on the 
ſlighteſt motion. But what ſeems chiefly to 
claim our wonder is, that the Worm which 
grows from the noſe of the male Beetle of this 
ſpecies, ſhould be fo very hard at its perfect 
growth, as, according to Mouffet, page 153, to 
bear being ſharpened on a grinding-ſtone ; 
whereas the ſame organ, while the inſect is in a 
Nymph ſtate, is altogether ſoft, and more like 
a fluid than a ſolid ſubſtance. 

On diſſecting ſome of theſe Nymphs after 
they had been in that ſtate a little time, I found 
the horn of the noſe filled with a kind of jelly, 
and this matter broke out at the wound made 
to examine it, every time the creature breathed, 
in the ſame manner as the blood of a man's 
body does when the ſide of the thorax is 
wounded. The eyes were now ſomewhat 
firmer, but nevertheleſs they were ſtill loaded 
with ſuperfluous hamours. I found between 
the folds of the wings and the caſes that cover- 
ed them, ſome inſets of the Louſe kind, 
which I have likewiſe often obſerved ſticking 
to the body of the Coſſus and to the Beetle 
itſelf; for there is perhaps no ſpecies of ani- 
mals which is not troubled with this kind of 
vermin, though thoſe of one animal differ in 
ſhape from thoſe of another. Such part of the 
wings as had no caſe to cover them, had, to 
make up for that deficiency, a much thicker 
skin to defend them, than the parts which 
were thus ſheathed. On pulling the legs =p 
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de thorax, the skin came off from thoſe of As the ſeveral parts in the Nymph grow by 


the future Beetle in the form of a iff ſheath, 
juſt as a boot comes off a man's leg. It is alſo 
very remarkable, that the extremities of the 
pulmonary tubes were inſerted into this external 
Skin of the inſet. But I ſhall hereafter ou 
of this matter more at large. The inteſtines 
which lay in the abdomen were formed in quite 
a different manner from thoſe of the Worm, 
of which I have before given a figure, and in 
rticular they had more finus's. The ſtomach 
itſelf ended in a kind of very ſmall gut, and 
indeed all theſe alterations ſeemed , requiſite to 
epare the parts to the great change in the 
y itſelf, which was grown at this time con- 
fiderably ſhorter than before. But as the ſto- 
mach was greatly abridged, and therefore its 
muſcular parts had without doubt ſuffered con- 
ſiderable changes, both that and the inteſtines 
were now ſoftened into a kind of ſlimy humour 
to facilitate ſo ſurpriſing a change. The pul- 
monary veſſels retained their former ſituation 
and figure. The whole abdomen , was filled 
with a kind of calcarious ſubſtance reſembling 
ſtarch, and of ſo bright a white-as to dazzle 
the eyes of all who ſaw it. On a nearer exa- 
mination of this ſubſtance, I found it to be no- 
thing more than a collection of thoſe little bags 
in which the fat is depoſited, and which lit 
by little loſe their form and office, and are at 
laſt ſo entirely waſted away, together with their 
contents, that not the leaſt veſtige of either is 
to be found in the ſucceeding Beetle. About 
this time ſome ſpots are obſervable in this moſt 
extraordinary ſubſtance, of a brighter white 
than the reſt of it, and many of the 1 
tubes ſeem to take their direction towards theſe 
particular parts. This induces me to think they 
may be the rudiments of the pneumatic blad- 
ders with which the Beetle is furniſhed in a 


vaſt abundance, unleſs we are rather to conſider 


ſuch pneumatic bladders as conſiſting of the 
pulmonary tubes dilated occaſionally to anſwer 
that purpoſe. For my own part I cannot take 
upon me to decide this point. I obſerved the 
fame things in the Nymphs of Bees, after I had 
finiſhed the hiſtory of thoſe inſects: but be 
this as it will, theſe ſpots are fo brittle and 
tender in the -Nymph that they are deſtroyed 
- by the ſlighteſt touch : by their dazzling white- 
neſs alſo they hinder us from diſtinguiſhing 
properly the adjacent parts : for this reaſon, to 
proceed well in our examination, we.muſt be 
conſtantly waſhing with fair water the inteſtines 
of the inſect. ere it not for this obſtacle, 
we might doubtleſs here diſtinguiſh many more 
things worth of notice. In the thorax, ſome parts 
were a little more ſolid. The muſcular fibres 
of the legs and wings were ſomewhat more 


firm or tough than the white of an egg juſt 


beginning to harden. All the other parts were 
as ſoft and tender as poſſible. On ſeparatin 
the external skin of the body from the NEE 
the ſpace between them was found to contain a 
great quantity of moiſture, but in many places 
this ſeparation was abſolutely impoſſible, 


degrees ſtronger and ſtronger, the inſet may be 
ſeen to make a proportionable uſe of them. 
We ſee the legs move within the skin that 
covers them, and even the claws that terminate 
the legs begin to brandiſh themſelves up and 
down. The fame is viſible, and in the fame 
manner, in the Aureliz of Silkworms during the 
laſt days before their tranſmutation: if durin 
this period you ſtrip the legs of their ext 
skin, you will find very little moiſture under 


it. Even the horny or bony ſubſtance which 


conſtitutes the joints of the legs _ hard, 
perfectly formed, and covered with hair. 


T cannot fay how long the ſcene of this in- 
ſect's mutation continues, having forgot to take 
notice of it, though at the ſame time I was 
witneſs to the change of above fifty of theſe 
Nymphs into Beetles. Sometimes theſe inſets 
remain in a Nymph ſtate during the whole 
winter, eſpecially when the Worms throw off 
their skins towards autumn, and a ſudden cold 
ſucceeding checks their further operations. 
Hence it happens that they remain without 
food for ſome months, nor could they take it 


to any purpoſe, their parts being too ſoft and 


tender to allow them to make bo 4 of x | 0 ; 

When the ſeaſon of the 's 
final change vcore all its ae” Fs 
are obſerved to grow ſtronger and ſtronger, to 
be the better able to ſhake off their laſt inte- 
guments, and this is performed in the ſame 
manner exactly as in the already deſcribed 
change of the Worm to a Nymph ; fo that in 
this laſt ſkin, which is very delicate, the traces 


of the pulmonary tubes that have been pulled 


off and turned out become again viſible ; nor 
is their number limited to eighteen, there ap- 
pear abſolutely twenty of them, as has been al- 
ready ſufficiently obſerved. 

It is now proper toſee how all the parts of the 
inſect, but eſpecially the wings and their caſes, 
are at this time ſwelled and extended by a flow 
of air, blood and humours, driven into them 
through the arteries and pulmonary tubes. 
About this time the wings are as ſoft and flexi- 
ble as a piece of wet paper, ſo that blood iſſues 
from them at the leaſt wound. But when they 
have acquired their due hardneſs, which in the 
ſheath or caſes is very conſiderable, 'the veſſels 
that before yielded blood ſo freely, are fo firmly 
cloſed, that neither they nor the wings can by 
any cutting or tearing be brought to yield the 
leaſt fluid. This induces me to advance as a 
thing not to be doubted, that whereas theſe 
wings and their caſes are ſo full of veſſels and 
pulmonary tubes, they ought to be conſidered 
as conſiſting entirely of ſuch veſſels and tubes. 
It is alſo probable, for the ſame reaſon, that the 
membranes and skin of the other creatures are 
no more than a complication of veſſels, as 
nerves, arteries, veins, lymphatic ducts and the 
like, for ſo long as the embryo's of the human 
ſpecies and of quadrupedes remain in the womb, 


their skin appears compoſed of nothing elſe. The 


ſame may be ſaid even of the bones elves ; 
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and this obſervation alone would be ſufficient 
to recommend to our attention the hiſtory of 
the inſect now under conſideration, It would 
take too much compaſs in this place to deſcribe 
the forprifiti alterations which happen in the 
tmembranaceous wings of butterflies, and how 
evidently nature manifeſts herſelf, and exhibits 
her wonderful powers in theſe minute crea- 
tures : certainly the great and wiſe ſovereign 
of the univerſe made every thing for our ule, 
and to his own glory. All his creatures, the 
leaſt as well as the greateſt, furniſh us with 


proofs of his - gracious intentions, his ſtupen- 


dous majeſty, and the immenſity of his power. 

We therefore, on obſerving the mutations 
and tranſpoſitions of the growing parts of 
man and other animals, may well cry out with 
the royal prophet: * My ſubſtance was not 
© hid from thee, when I was made in ſecret 
e and curiouſly wrought in the loweſt parts 
« of the earth. Thine eyes did ſee my ſub- 
te ſtance, yet being unperfect; and in thy 
<« book all my members were written, which 
<« in continuance were faſhioned, when as yet 
© there was none of them. How precious 
« alſo are thoughts unto me, O God! 
«© how great is the ſum of them !” 

Hence we may juſtly declare, that inſects, 
even under this miſerable ſtate of mortal life, 
acquire as it were a heavenly exiſtence ; for 
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thoſe which in the former part of their life 
inhabited the earth, lived in mud, and under 
thorns and briers, and fed on coarſe oviſions, 
in their more perfect ſtate, raiſe themſelves 
into the purer air, and flying towards the skies, 
maintain themſelves with honey and 00Zing 
liquors of flowers: ſome of them can even 


© abſtain. from food during many months. Are 


not all theſe conditions much better than thoſe 


to which they were ſubje& under the troubles - 


and anxieties of a former more vile earth 
life? bat I ſhall illuſtrate theſe ſubjects more 
fully, when I have leiſure, in order thence to 
demonſtrate the glorious reſurrection of the 
dead, by the moſt evident and palpable proofs 
drawn from nature; for I can produce ſuch 
manifeſt examples and ſuch powerful argu- 
ments for the purification and ſucceeding glo- 
rification of bodies, from the hiſtory of inſects, 
that I do not doubt but ſuch unheard-of mira- 
cles will ſtrike all mankind with the higheſt 
amazement. Natural truths are perfectly con- 
vincing and wholly divine; ſince what is true 
proceeds from God, who is truth itſelf. And 
what is more true, than that the books of nature 
are thoſe viſible things, by the aſſiſtance of 
which, as by ſacred ſteps, we aſcend by various. 
advances, to divine and eternal truths ? for it is 
God himſelf who is the author of Nature. 
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De difference between the male and female Rhinoceros Beetle, after the Nymph 
caſts its ſtin, ani is changed into either of them. Of the points of reſpiration, 
the eyes, the brain, the optic nerves, the pulmonary tubes and fneumatick 


bladders. Of the heart, and of the genital organs of the male and female, 


with a moral concluſion. 


'F" HE Nymph of this curious Beetle be- 
ing diſengaged from its skin, in the 
manner explained in the preceeding chapter, 
aſſumes a quite different form, in which it is 
dignified with the name of the Beetle, whoſe 
internal parts, with the difference between the 
male 21 

Before I begin this explanation, I muſt obſerve 
that the Nymphs, which have their horn pro- 


minent in the fore part, always become male po 


Beetles in this ſpecies; but ſuch as have no 
horn always females ; and there are very cer- 
tain external ſigns for diſtinguiſhing the ſex of 
theſe inſets. Beſides, the rhales, which have 
ſmaller bodies than the females, have alſo two 
larger and more beautiful horns *, whoſe tops 
have knobs thereon made like combs; and, 


The antennz of Beetles are of two kinds; thoſe which are 


the manner of a comb. 


female, I am now about to deſcribe. - 


when the creature is flying, they are expanded 


in the manner of the leaves of an open book : 
this is a very wonderful fight in ſome of the 
Beetle kind. But as ſome remarkable things 
occur, which are common to both male and 
female, I ſhall firſt deſcribe them, and after- 
wards proceed to the peculiar points which 
mark the difference of ſex, 

The parts common to both are, firſt, the 
ints of reſpiration ſituated outwardly ; ſe- 
condly, the eyes and the brain; thirdly, the 
pulmonary tubes and pneumatic bladders; and 
laſtly, the heart. The things peculiar to each 
are the horn and genital 


to deſcribe theſe in order and with brevity: 
as to the particular deſcription of the other 


pointed at the end, and thoſe which have that part ſhaped in 


There is alſo a difference of a very particular kind in their inſertion, the 8 part have them fixed upon the ſubſtance of the 
W 


head; but in ſome they are carried upon à kind of trunk]: the Beetles 


antients called Gurguliones, 


Upon theſe forms and inſertions of the antennæ may be eſtabliſhed an exact claſſical diſtribution of them; a thing yet wanted 


in natural hiſtory, 


have them in this ſtrange ſituation, are thoſe the 


external 


in the male, 
and the ovary in the female. I ſhall proceed 


rr 
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external and internal parts, the 7 and 
manners, the uſe they make of their wings, 
and their food, and the length and ſhortneſs 
of their lives, as alſo how far they are hart- 
ful, and how far innocent, with other like re- 
fearches; theſe I ſhall at preſent paſs un- 
touched, partly becauſe T have not yet ſuffici- 
ently ſearched into them, and partly that I ath 
fatigued beyond my ſtrength, with inveſtigat- 
ing, delineating, and 1 thoſe amazing 
things. I muſt have a long ſpace of time to 
tfect all theſe inquiries; nor can any perſon 
execute ſuch things perfectly, but he who 
can ſpend his bel life upon them. i 
Of thoſe things, which are outwardly con- 
ſpicuous in this Beetle, the points of reſpira- 
tion deſerve our greateſt attention ; theſe I ſhall 
now deſcribe and repreſent by a figure, as they 
are naturally diſpoſed on one fide of the per- 
fect inſect; for they have the ſame ſituation 
and ſtructure alſo as the other. They vary con- 
fiderably from thoſe which are ſeen in the 
Worm, for here they are diſpoſed in a different 
order near each other, and are placed in a ſome- 
what oblique and declining fituation ; by this 
means one of them occupies an higher place 
in the body than anothet ;. they are likewiſe 
more oval, not round, and are much deeper, 
or more hollow than before, and appear as it 
were like little trenches and furrows in the 
Beetle much more than in the Coffus ; the 
cavities alſo of the cahals which they, diſtri- 
bute internally in the body, .are much wider 
and more open than they are obſerved in the 
Worm ; for as the Worms live in duſt and 
under the earth, and creep up and down 
there, it was neceſſary that their pulmonary 
tubes ſhould have orifices more cloſe and even, 
leſt the duſt ſhould flip into them. _ _ 
The firſt of theſe points is placed — 
Tab. XXIX. fig. vi. a, in the cavity of the 
ſecond ring of the body, or in the os pectoris, 
or breaſt bone; nor Is it viſible there till after 
that bony ſubſtance has been ſeparated from 
the body. The ſecond 4 is ſomewhat further 
diſtant from the fiſt, and being turned more 
toward the lower parts, is directed thence 
obliquely towards the other. This point, which 
is conſpicuous itnmediately under the wings, 
is | on the fide of the fifth ring of the 
body. The third c again is fituated ſomewhat 
higher, along the cobrſe of the cutvature of 
the abdomen, and this lying * — the fixth 
ring of the body, is not far diſtant from the 
ſecond. The fourth Z again is placed ſome- 
what lower and nearer the former, and is fitu- 
ated upon the ſeventh ring of the body. The 
fifth e ſtands ſomewhat lower and is placed on 
the eighth ring. Theſe, five points of reſpi- 
ration, whereof the Beetle has as matiy on the 
other ſide, and which makes ten in all, ate 
indeed the principal places through which it 
draws its breath; for the other eight, which 
were viſible in the Coſſus, are in this perfect 
ſtate of the creature partly preſſed together, 
and ſome totally cloſed up ; becauſe the body 
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is becotne fb much ſhorter than it was in the 


Worm. All theſe five points are covered it 
each fidè of the body with the caſes or ſheaths 
of the wings, except when the creature is fly- 
ing; for at that time the ſheaths of the wings 
are lifted up, and remain elevated without mo- 
tion; hence theſe points are likewiſe at that 
time diſepvered: and this ſeems continued that 
the Beetle might the more freely. draw its 
breath on this occaſion, fill its pneumatic 
bladders with air, and thus make itſelf lighter 
„ CET EETRTITRTS: 

Moreover on the ninth ring of the body 
there is obſerved a fixth point 7, on the tenth, 
a ſeventh g; and on the eleventh, an eighth Y; 
all which are very conſiderably contracted and 
depreſſed, and run along each fide of the 
body. But as the abdomen terminates by 
converging into a ſort of a point, and the 
twelfth, thirteenth, and fourteenth rings are 
wonderfully contracted and diminiſhed in their 
diameter, hence the ninth point i of reſpira- 
tion is totally obliterated in each fide of the 
body, as I have before with ſufficient clear- 
neſs deſcribed and figured in the Nymph. But 
I now only repreſent the natural ſituation of 
oy Porn. ft 5 

The eyes are alſo extremely remarkable in 
the perfect Beetle, and they differ very much 
from thoſe in the Worm, as well in bigneſs 
and number. as in figure. Each fide of the 
head has one, which conſiſts of a congeries of 
many ſmaller globules or little eyes, forming 
by their union as it were one common net or 
reticulated body, This is properly made of the 
tunica cornea, for the eyes of all the inſects 
that I know, have the exterior tunica or coat 
conſtructed or formed of a horny or bony 
matter, and divided like a honey comb into 
hexagonal parts, all which are on the upper 
— pherical or projected like little globes; 

ut theſe globular diviſions are not in this 
Beetle fo remarkably protuberant as in Flies 
and Bees; they are much ſmoother, more de- 
preſſed, and ſmaller, and they have no hairs. 
Theſe horny diviſions penetrate from the 
outmoſt ſurface to the inmoſt, and ſeem to be 
formed within by a kind of net of hexagonal 
pulmonary tubes running through each other. 
Within this net the uvea tunica, or a part ana- 
lagous to it, is ſeen on the inſide under the 
corhea. This is of a blackiſh colour, and is 
regularly received into the inward cavity or 
hollows we have named in the cornea, ſo that 
by this nieatis it is to be found only in the 
uppermoſt ſurface, and not in the bottom of 
the eye. In the eyes of men and quadrupedes 
the uvea ſinks to the bottom, and is alſo per- 
forated in the anterior part; but neither of 
5 is the caſe in the eye of the Beetle, and 

r this reaſon no rays of light can be collected 
in this caſe inwardly in the eye; but they 
only paſs through the ſpherical diviſions of 
the cornea, and are then immediately ſtop- 
ped upon the uvea. I would not preſume to 
affirm that the rays are by any means col- 

lected 
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lected, when they paſs through the cornea, 
though this is not improbable. If one removes 
the uvea, by means of water and a ſine pencil, 
from out X's the inward cavity of the cornea 
this latter becomes then all bright and clearly 
tranſparent... -. PE: 
After the uvea follows a matter or ſub- 
Nance like glue; it is ſomewhat viſcid, but 
thin, and divides itſelf into very fine filaments, 
Tab. XXIX. fig. v11. 4: theſe may be taken 
for inverted pyramidal fibres. When the cor- 
nea tunica 1s removed from theſe filaments, 
blackiſh ſpots are ſeen on the eye, which are 
the remains of the uvea ſtill ſticking there; 
for the pyramidal fibres are by means of the 
uvea connected with or joined to the ſpherical 
apertures of the cornea. All theſe fibres ter- 
minate in a thick, fibrous, and inexpreſſibly 
white tunic or coat, Tab. XXIX. fig. vii. 6; 
the ſubſtance of this, however, is of a darker 
colour d, where it is united to the optic nerve 
which is here ſeparated c. Many pulmonary 
tubes likewiſe run up and down here, which 
ſtrongly connect that coat with the optic nerve, 
which it receives: theſe air-pipes paſs alſo 
through that white fibrous coat we have de- 
ſcribed, and are conveyed e along the inverted 
pyramidal fibres, reaching to the cornea itſelf 
in form of very delicate ramifications ; and in 
my opinion form the hexagonal diviſions of 
the eye. Here at length may be conceived, 
in what manner the eye, whilſt the exuvia or 
skin is caſting, acquires its extenſion, form, 
and roundneſs by the help of the internally 
impelled air and blood. The roots of theſe 
pulmonary tubes are found to be ſituated un- 
der the optic nerve, where they firſt provide 
for the coat, wherewith that delicate nerve is 
inveſted ; and thus, with a conſiderable rami- 
fication adhering underneath, is alſo ſur- 
rounded with or accompanied by ſuch air- 
tubes. 

But we muſt here take particular notice that 
theſe eyes are, in each fide of the head, di- 
vided as it were into two parts, fig. vI 11. /, 
2s I have repreſented in a particular figure, 
wherein is likewiſe exhibited g the horn of 
the head. This diviſion is produced by means 
of two horny or bony prominences of the skull, 
which extend themſelves from each ſide of 
the eye unto the outmoſt ſurface thereof; 
hence it happens that the eye is in the ſame 
manner divided in its internal part, fig. vii. Y; 
ſince the inward ſtructure is analagous to the 
outward, The optic nerve has no inciſion or 
diviſion, but the pyramidal fibres are wanting 
where this inciſion is, becauſe they evidently 
could be of no uſe there. | 
In order to diſcover theſe things accurately 
it is firſt neceſſary to lay the brain bare; for 
this purpoſe nothing more 1s requiſite than to 
cut off the horn, if it be a male, with a ſharp 
knife, and then to raiſe and ſeparate the cra- 
nium or skull from the brain. After this, the 
brain / comes in view. This, as I have before 
obſerved, when I treated of the ſpinal marrow, 
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conſiſts of two globes united, and is by this 
means divided into a right and left part, as is 
likewiſe the caſe in men and in quadrupedes. 
It is indeed very remarkable that the brain is 
in this Beetle furniſhed with many pulmonary 
tubes, Tab. XXIX. fig. vii. #, which make 
a very beautiful appearance in the living ani- 
mal. Optic nerves are obſerved to iſſue out of 


it on each ſide, which are much larger in 


the Beetle than they were before in the Worm. 
Moreover, a common kind of membrane is 
obſerved there, which inveſts both theſe nerves 
and the brain itſelf, and is ſufficiently thick 
and ſtrong: this may be properly called the 
dura mater. Numerous air-pipes run through 


this membrane, and interweave it as it were 


with one another, ſo that you would ſay this 
dura matter, when ſeparated from the brain, 
is like an admirably beautiful net. The op- 
tic nerves are very ſlender where they iſſue 
from the brain //; but they are conſiderably 
dilated m a little after, and then again they 
grow ſmall an, until at length they are ſwollen 
again where they approach to the inward com- 
pages or reticulations of the eye.o. In that 
art theſe nerves are encloſed and ſurrounded 
1 the interior parts of the eye, and when 
reatly magnified reſemble the head of a 
Dutch failor covered with a ſhaggy cap, ſuch 
as ſea-faring perſons uſe to wear: I com 
to theſe ſhaggy hairs, thoſe pyramidal fibres 
which terminate in the convexity of the white 
fibrous coat. 

It may not be improper to obſerve here 
that this Beetle is very ſhort ſighted, or pore- 
blind. I therefore would have the reader con- 
ſider the conſtruction and difference of the 
Bee's eye, which ſees more acutely in the 
day time ; for he will find that the.optic nerve 
in the Bee does not come ſo very near to the 
eye, nor is in itſelf ſo remarkable and conſpi- 
cuous as in this Beetle. Others may reaſon 
from theſe facts as they think beſt ; it is ſuffi 
cient for me to have propoſed the truth. I 
have not yet examined the eyes of the water 
Beetles, which I know can ſee both in water 
and air. I have ſeen the pyramidal fibres of 
the eyes in Crabs and Lobſters. All water 
Snails, as well as the human ſpecies, have 
three humours in their eyes, as I have de- 
ſcribed before at large. On this occaſion it 
may alſo be obſerved that their eyes are ſome- 
times multiplied. I proceed now to the pul- 
monary tubes, which are ſimple in the Worm, 


on 


but are enlarged by the addition of bladders 


in the Beetle itate. 

Theſe pulmonary tubes which in the Worm 
reſembled the branches of trees without leaves, 
repreſent here in the Beetle a tree expanding 
its verdant and leafy branches: and here the 
autumn and winter of the miſerable life which 


this Worm leads, is now in the perfect Beetle . 


ſtate changed into a pleaſant and lovely ſpring 
and ſummer; with this only difference, that 
as the leaves of the trees have a plain and 
ſmooth ſurface, ſo theſe bladder in the Beetle 

are 
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are hollow, ſomewhat ſwollen, and expanded to 
an elliptical figure, and are ſomewhat ſwelled or 
blown up, Tab. XXIX. fig. ix. as, by force of 
the air impelled into them. There is likewiſe 
this conſiderable difference, that out of the ends 
of theſe veſicles, where they reſt upon their 
hollow pulmonary tubes, other pipes and ra- 
mifications 66 again break out laterally; which, 
after they have been again dilated into veſicles, 
form air branches, veſicles and pipes: ſo that 
this diviſion and proceſs continues, until at 
length they terminate in very delicate, and as 
it were- inviſible pulmonary paſſages, which 
always remain round with open cavities. Hence 
the ſtructure that occurs here may not be 
improperly compared to the third ſpecies of 
the Sea Wrack of Dodonzus. Nay, it is 
likewiſe obſerved that many tubes of this 
kind ſometimes iſſue c out of the ſame veſicle, 
which I have repreſented magnified above its 
natural bigneſs, Whenever the air gets out 
of theſe veſicles or bladders, they fall' and be- 
come flat, and by the mutual contact of their 
fides, form a plain ſubſtance like the ſmooth 
leaf of a tree; whilſt in the mean time the 
tubes affixed to them always remain open. 
The reaſon of this is, becauſe theſe little 
branches riſing from the principal air veſſels 
conſiſt of contorted and ſpiral parts, which, 
like the rings, made of filver thread or wire, 
and twiſted round a ſmall cylinder, always 
preſerve their roundneſs. In the ſame man- 
ner this ſilvery web of pulmonary tubes ap- 
pear to me to be compounded of a horny 
or bony pellucid matter, white as mother of 
pearl, and wound into ſpirals. Theſe tubes are 
[ikewiſe lined on their infide with very deli- 
cate membranes, which keep their ſpiral form 
with all its windings in their ſituation. But 
where they are dilated into pneumatic veſſels, 
they are entirely membranaceous, and beſides, 
when viewed with a powerful microſcope, are 
obſerved to be planted or ſet there with ſmall 
ſtuds or boſſes like little grains. This is in- 
deed a very agreeable object. Moreover, theſe 
veſicles are of a paliſh or white colour, and 
having no poliſh are nearly of the aſpect of a 
Spider-web, or any thing of a like kind, co- 
vered with duſt. The tubes on the other 
hand, are bright and ſplendid, and of a ſilver 
or of a pearly colour. See the explanation of 
theſe in Tab. XXIX. fig. Kcx 

The reaſon of this difference between the 
ulmonary tubes of this creature, while it is 
in the Worm, and when it arrives at the Beetle 
ſtate, ſeems to lie in the repeated change of 
their skin, whereof I have made mention be- 
fore. The ſame thing is in ſome meaſure ob- 
ſerved in the pulmonary pipes of the Silkworm 
Butterfly, for in this the tubes of the lungs, 
becauſe they many times caſt theſe internal 
skins, are every where very much dilated; 
though they have no diſtinct veſicles. How- 
ever the matter be, fince theſe white little parts, 
which are ſeen in the fat of the Nymph, 
ought to come principally into conſideration 
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here, I think this difficulty may be at length 
ſolved, if there were ſome more diſſections 
made for that purpoſe. But I muſt reſerve 
the doing of this to another time, and ſhall, 
till then, leave this matter uncertain. - One 


may aid our inflate or blow up the pul- 
monary tubes of the Beetle befote deſcribed 


with a flexible leaden pipe, or the quill of the 


wing of ſore ſmall bird: what in Holland we 
call the Cheeſe-bird has feathers. admirably 
ſuited for this purpoſe ; for the quills of this 
bird's wings are very perfectly hollowed through- 
out, eſpecially if they be firſt ſtrengthened by a 
ſmall glaſs whe ; and theſe parts thus diſtend- 
ed afford a very beautiful ſight. 

Any one may ſee the pneumatic veſſels, to- 
gether with their tubes, without any diſſection, 
provided he removes or takes the external 


wings, called the caſes of the wings, from the 


body, and views them when turned to the 
light with a microſcope. They even appear 
through the abdomen of the Beetle; and they 
may be likewiſe ſeen in the horny or bony 
and membranous part which covers the lower 
part of the body : but they are preſented in 
the moſt beautiful manner between the plates 
of the external wings; for there they form in- 
numerable and moſt ſingular figures. Three 
conſiderable branches of the wind-pipe com- 
monly appear between theſe caſes, that is, two 
on each ſide, and a third ſhorter in the middle; 
ahd out of theſe one may aftetwards ſee the 
reſpiratory velicles beautifully iſſuing and placed 
between them, in the ſame manner as I ex- 
hibit them here in a minute portion of that 
part; wherein two larger branches of the tra- 
chea, Tab. XXX. fig. 1. 4 4, are repreſented 
on each ſide, and between them the pulmo- 
nary pipes ifſuing therefrom, together with 
their veſicles 5555, out of which other pulmo- 
nary pipes ariſe, which are again dilated into 
veſicles cccc; and theſe are again attenuated 
into pulmonary pipes, until at length they end 
in moſt minute and inviſible filaments. In 
the inner part of the outer wings there may 
be alſo obſerved ſome other ſmall points, pro- 
jectin 8 beyond the ſurface of the caſe or ſheath, 
out of the middle of which iſſue oblong diſ- 
parte hairs. Theſe I am confident ate placed 
ere fo prevent the ſubjacent wing from being 
too much preſſed, and at the Ee time to 
give, it the means to fold and hide itſelf the 
more eaſily under the ſheath, We have be- 
fore ſhewn the uſe of theſe numerous tubes 
and 1 f bladders; which is, that by 
their help the outer wings or caſes of the wings 
may be expanded. I would likewiſe have it 
obſerved, that all theſe veſicles or bladders 
appear ſome what ſmooth, which may proba- 
bly be owing to the contraction of the ſheath 
or caſes, which W when the humours 
ate exhaled, and the blood -veſſels are cloſed or 

ſhut up. . 5 Fae 
The heart is much ſhorter in the Rhino- 
ceros Beetle which I am deſcribing, than it 
was in the Worm or Coflus; it is likewiſe 
_ more 
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lected, when they paſs through the cornea, 
though this is not improbable. . If one removes 
the uvea, by means of water and a fine pencil, 
from out of the inward cavity of the cornea ; 
this latter becomes then all bright and clearly 
tranſparent, _ TY re” | N 
After the uvea follows a matter or ſub- 
Nance like glue; it is ſomewhat viſcid, but 
thin, and divides itſelf into very fine filaments, 
Tab. XXIX. fig. v11. a: theſe may be taken 
for inverted pyramidal fibres. When the cor- 
nea tunica is removed from theſe filaments, 
blackiſh ſpots are ſeen on the eye, which are 
the remains of the uvea ſtill ſticking there 
for the pyramidal fibres are by means of the 
uvea connected with or joined to the ſpherical 
apertures of the cornea. All theſe fibres ter- 
minate in a thick, fibrous, and inexpreſſibly 
white tunic or coat, Tab. XXIX. fig. vII. 5; 
the ſubſtance of this, however, is of? a darker 
colour d, where it is united to the optic nerve 
which is here ſeparated c. Many pulmonary 
tubes likewiſe run up and down here, which 
gy connect that coat with the optic nerve, 
which it receives: theſe air-pipes paſs alſo 
through that white fibrous coat we have de- 
ſcribed, and are conveyed e along the inverted 

yramidal fibres, reaching to the cornea itſelf 
in form of very delicate ramifications ; and in 
my opinion form the hexagonal diviſions of 
the eye. Here at length may be conceived, 
in what manner the eye, whilſt the exuvia or 
skin is caſting, acquires its extenſion, form, 
and roundneſs by the help of the internally 
impelled air and blood. The roots of theſe 
pulmonary tubes are found to be ſituated un- 
der the optic nerve, where they firſt provide 
for the coat, wherewith that delicate nerve is 
inveſted ; and thus, with a conſiderable rami- 
fication adhering underneath, is alſo ſur- 
rounded with or accompanied by ſuch air- 
tubes. 

But we muſt here take particular notice that 
theſe eyes are, in each fide of the head, di- 
vided as it were into two parts, fig. vI11. //, 
2s I have repreſented in a particular figure, 
wherein is likewiſe exhibited g the horn of 
the head. This diviſion is produced by means 
of two horny or bony prominences of the skull, 
which extend themſelves from each fide of 
the eye unto the outmoſt ſurface thereof; 
hence it happens that the eye is in the ſame 
manner divided in its internal part, fig. v11. 5 
ſince the inward ſtructure is analagous to the 
outward. The optic nerve has no inciſion or 
diviſion, but the pyramidal fibres are wanting 
where this inciſion is, becauſe they evidently 
could be of no uſe there. 

In order to diſcover theſe things accurately 
it is firſt neceſſary to lay the brain bare; for 
this purpoſe nothing more is requiſite than to 
cut off the horn, if it be a male, with a ſharp 
knife, and then to raiſe and ſeparate the cra- 
nium or skull from the brain. After this, the 
brain / comes in view. This, as I have before 
obſerved, when I treated of the ſpinal marrow, 


NATURE; or, 


conſiſts of two globes united, and is by this 
means. divided into a right and left part, as is 
likewiſe the caſe in men and in quadrupedes, 
It is indeed very remarkable that the brain is 
in this Beetle furniſhed with many pulmonary 
tubes, Tab. XXIX. fig. vii. &, which make 
a very beautiful appearance in the living ani- 
mal. Optic nerves are obſerved to iſſue out of 
it on each fide, which are much larger in 
the Beetle than they were before in the Worm. 


Moreover, a common kind of membrane is 


obſerved there, which inveſts both theſe nerves 
and the brain itſelf, and is ſufficiently thick 
and ſtrong: this may be properly called the 
dura mater. Numerous air-pipes run through 
this membrane, and interweave it as it were 
with one another, ſo that you would ſay this 
dura matter, when ſeparated from the brain, 
is like an admirably beautiful net. The op- 
tic nerves are very ſlender where they iſſue 
from the brain //; but they are conſiderably 
dilated m a little after, and then again they 
grow ſmall an, until at length they are ſwollen 
again where they approach to the inward com- 
pages or reticulations of the eye.o. In that 
art theſe nerves are encloſed and ſurrounded 
by the interior parts of the eye, and when 
reatly magnified reſemble the head of a 
Dutch failor covered with a ſhaggy cap, ſuch 
as ſea-faring perſons uſe to wear: I compare 
to theſe ſhaggy hairs, thoſe pyramidal fibres 
which terminate in the convexity of the white 
fibrous coat. | 
It may not be improper to obſerve here 
that this Beetle is very ſhort ſighted, or pore- 
blind. I therefore would have the reader con- 
ſider the conſtruction and difference of the 
Bee's eye, which ſees more acutely in the 
day time ; for he will find that the.optic nerve 
in the Bee does not come ſo very near to the 
eye, nor is in itſelf ſo remarkable and conſpi- 
cuous as in this Beetle. Others may reaſon 
from theſe facts as they think beſt ; it is ſuffi- 
cient for me to have propoſed the truth. I 
have not yet examined the eyes of the water 


Beetles, which I know can fee both in water 


and air. I have ſeen the pyramidal fibres of 
the eyes in Crabs and Lobſters. All water 
Snails, as well as the human ſpecies, have 
three humours in their eyes, as I have de- 
ſcribed before at large. On this occaſion it 
may alſo be obſerved that their eyes are ſome- 
times multiplied. I proceed now to the pul- 
monary tubes, which are fimple in the Worm, 
but are enlarged by the addition of bladders 
in the Beetle ſtate. 

Theſe pulmonary tubes which in the Worm 
reſembled the branches of trees without leaves, 
repreſent here in the Beetle a tree expanding 
its verdant and leafy branches: and here the 
autumn and winter of the miſerable life which 


this Worm leads, is now in the perfect Beetle 


ſtate changed into a pleaſant and lovely ſpring 
and ſummer; with this only difference, that 
as the leaves of the trees have a plain and 
ſmooth ſurface, ſo theſe bladder in the Beetle 


are 
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are hollow, ſome what ſwollen, and expanded to 
an elliptical figure, and are ſomewhat ſwelled or 


blown up, Tab. XXIX. fig. 1x. aa, by force of 


the air impelled into them. There is likewiſe 
this conſiderable difference, that out of the ends 
of theſe veſicles, where they reſt upon their 
hollow pulmonary tubes, other pipes and ra- 
mifications 66 again break out laterally, which, 
after they have been again dilated into veſicles, 
form air branches, veſicles and pipes : ſo. that 
this diviſion and proceſs continues, until at 
length they terminate in very delicate, and as 
it were inviſible pulmonary paſſages, which 
always remain round with open cavities. Hence 
the ſtructure that occurs here may not be 
improperly compared to the third ſpecies of 
the Sea Wrack of Dodonzus. Nay, it is 
likewiſe obſerved that many tubes of this 
kind ſometimes ifſue c c out of the ſame veſicle, 
which I have repreſented a It above its 
natural bigneſs. Whenever the air gets out 
of theſe veſicles or bladders, they fall and be- 
come flat, and by the mutual contact of their 
fides, form a plain ſubſtance like the ſmooth 
leaf of a tree; whilſt in the mean time the 
tubes affixed to them always remain open. 
The reaſon of this is, becauſe theſe little 
branches riſing from the principal air veſſels 
conſiſt of contorted and ſpiral parts, which, 
like the rings, made of filver thread or wire, 
and twiſted round a ſmall cylinder, always 
preſerve their roundneſs. In the ſame man- 
ner this ſilvery web of pulmonary tubes ap- 
pear to me to be compounded of a horny 
or bony pellucid matter, white as mother of 

kewiſe lined on their inſide with very deli- 
cate membranes, which keep their ſpiral form 
with all its windings in their ſituation. But 
where they are dilated into pneumatic veſlels, 
they are entirely membranaceous, and beſides, 
when viewed with a powerful microſcope, are 
obſerved to be planted or ſet there with ſmall 
ſtuds or boſſes like little grains. This is in- 
deed a very agreeable object. Moreover, theſe 
veſicles are of a paliſh or white colour, and 
having no poliſh are nearly of the aſpect of a 
Spider-web, or any thing of a like kind, co- 


vered with duſt. The tubes on the other 


hand, are bright and ſplendid, and of a ſilver 
or of a pearly colour. See the explanation of 
theſe in Tab. XXIX. fig. x. | 
The reaſon of this difference between the 
ulmonary tubes of this creature, while it is 
in the Worm, and when it arrives at the Beetle 
ſtate, ſeems to lie in the repeated change of 
their skin, whereof I have made mention be- 
fore. The ſame thing is in ſome meaſure ob- 
ſerved in the pulmonary pipes of the Silkworm 
Butterfly, for in this the tubes of the lungs, 
becauſe they many times caſt theſe internal 
skins, are every where very much dilated ; 
though they have no diſtinct veſicles. How- 
ever the matter be, fince theſe white little parts, 
which are ſeen in the fat of the Nymph, 


ought to come principally into conſideration 


heb and wound into ſpirals. Theſe tubes are 
I 


149 


here, I think this difficulty may be at length 
ſolved, if there were ſome more diſſections 
made for that purpoſe. But 1 muſt reſerve 
the doing of this to another time, and ſhall, 
till then, leave this matter uncertain. One 
may conveniently inflate or blow up the pul- 
monary tubes of the Beetle before deſcribed 
with a flexible leaden pipe, or the 3 of the 
wing of ſome ſmall bird: what in Holland we 
call the Cheeſe-bixgd has feathers admirably 
ſuited for this purpoſe ; for the quills of this 
bird's wings are very perfectly hollowedthrough- 
out, eſpecially if they be firſt ſtrengthened by a 
ſmall glaſs be ; and theſe parts thus diſtend- 
ed afford a very beautiful ſight. 

Any one may ſee the pnevimatic veſſels, to- 
gether with their tubes, without any diſſection, 
provided he removes or takes the external 
wings, called the caſes of the wings, from the 
body, and views them when turned to the 
light with a microſcope. They even appear 
through the abdomen of the Beetle, and they 
may be likewiſe ſeen in the horny or bony 
and meinbranous part which covers the lower 
part of the body : but they are preſented in 
the moſt beit manner between the plates 
of the external wings; for there they form in- 
numerable and Kage ſingular figures. Three 
conſiderable branches of the wind-pipe com- 
monly appear between theſe caſes, that is, two 
on each ſide, and a third ſhorter in the middle; 
and out of theſe one may aftetwards ſee the 
reſpiratory veſicles beautifully iſſuing and placed 
between them, in the ſame 'manner as I ex- 
hibit them here in a minute portion of that 
part; wherein two larger branches of the tra- 
chea, Tab. XXX. fig. 1. 4 4, are repreſented 
on each fide, and between them the pulmo- 
nary pipes ifſuing therefrom, together with 
their veſicles 2565, out of which other pulmo- 
nary pipes ariſe, which are again dilated into 
veſicles cccc; and theſe are again attenuated 
into pulmonary pipes, until at length they end 
in moſt minute and inviſible filaments. In 
the inner part of the outer wings there may 
be alſo obſerved ſome other ſmall points, pro- 
jectin 8 beyond the ſurface of the caſe or ſheath, 
out of the middle of which iſſue oblong diſ- 

rſed hairs. Theſe I am confident are placed 
— — to prevent the ſubjacent wing from being 
too much preſſed, and at the ſame time to 
give. it the means to fold and hide itſelf the 
more eaſily under the ſheath, We have be- 
fore ſhewn the uſe of theſe numerous tubes 
and pulmonary bladders; which is, that by 
their help the outer wings or caſes of the wings 
may be expend, ' I would likewiſe have it 
obſerved, that all theſe veſicles or bladders 
appear ſome what ſmooth, which may proba- 
bly be owing to the contraction of the ſheath 
or caſes, which N when the humours 
ate exhaled, and the blood -veſſels are cloſed or 
ſhut up. > | 

The heart is much ſhorter in the Rhino- 
ceros Beetle which I am deſcribing, than it 
was in the Worm or Coſſus; it is likewiſe 

_ more 
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more knotty; it is in ſome places dilated, fig. vii. 
a a, and elſewhere is again contracted 56, as I 
have ſhewn in a ſmall pert of it: but I have not 
had 2 to ſearch into it fully. I ſhall 
therefore now paſs to thoſe parts peculiar to 


= The parts peculiar to tbe male. 


HE horns of the male Rhinoceros Bee- 
| tle is formed of a tolerably ſolid horny 


bone, which makes it ſo firm, that one may 


bore or pierce even hard wood with it. It 1s 
crooked and bent backwards towards the bone 
of the thorax. It is of a black red colour, 
and fo ſmooth and poliſhed on the ſurface that 
it ſhines like a looking-glaſs : and fo likewiſe 
do the covering of the thorax ; and the caſes 
or ſheaths of ic wings, called alſo the outer 
wings: theſe are likewiſe parti-coloured, but 
approach more to red. The horn is orna- 
mented with ſeveral ſmall holes impreſſed 
thereon. It is firſt membranaceous in the 


Nymph, and as it were full of a fluid; it after- 


wards becomes more firm, and at length ac- 
ben, the full hardneſs we have named. And 
though this horn is flexible at the time of the 
creature's caſting its skin, yet in the ſpace of 
two or three days after this change, it becomes 
ſo wonderfully hard, that it is not only as firm 
as a cartilage, but even approaches to the na- 
ture of a bone. It is not, diſtinctly ſpeaking, 
ſituated on the noſe of the creature, but on 
the head, and may therefore be moſt properl 
called a production of the cranium or cull 
only, for it ſprings out of the ſubſtance of the 
skull where it lies over the brain. The male 
only has ſuch an horn by way of ornament. 
It is on the inſide hollow, as that of an Ox a 
ars when ſeparated from the head, but its 
cavity is filled with no other matter than the 
dilated air-bladders ; which, together with a 
multitude of tubes that adhere to them, are 
encloſed in it, and infinuate themſelves even 
into its bony ſubſtance ; hence- the horn be- 
comes much lighter, ſo that it may be carried 
the eaſier by the Beetle when it walks or 
flies. This inſect is therefore properly an 
Unicorn, for he has only one horn. It will 
not be improper to mention here, that if a 
Stag be gelt while young, his horns will never 
grow. This I have been informed by a curi- 
ous and creditable gentleman. Wherefore 
theſe animals become in this reſpect like the 


female of this our Beetle, when their maſcu- 


line vigour is taken away. 

With regard to the penis of this Beetle we 
are firſt to obſerve the nervous and the horny 
or bony part, Tab. XXX. fig. viii. and 1x. @; 
this laſt 1s as it were the prepuce, or rather a 
kind of ſheath for the penis: it is erected 
1 by its aſſiſtance, and is again drawn 

ack into it when the occaſion is over. On 

the foremoſt ſide of this caſe are ſituated two 

little harny bones reſembling claws or hooks 4 

which, forming a chink or crevice in the mid- 
* 
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the male and thoſe to the female ; ſuch as he 


horn, the penis, teſticles, and ſeminal veſſels 
in the male; and the ovary, uterus, and vulva 
in the female; and after theſe are explained 
I ſhall conclude this hiſtory. | ; 


dle between them, are capable of being ſepa- 
rated from each other by the help of proper 
muſcles, in order to make a way, or afford a 
paſſage for the penis when it is erected. The 
muſcles for this ſervice are ſituated in the bony 
ſubſtance of the beforementioned ſheath, and 
are likewiſe articulated therewith. By the 
help of theſe two little bony claws the male in 
the time of coition fixes himſelf in the horn 

part of the female's vulva, Behind this ſheath 
is placed a nervous, ſoft, and very thick par 
of the penis c; wherein is placed ſuch a horny 
little bone as I have obſerved alſo in the root 
of the Bee's penis. Next follows the body or 
root of the penis d, which is nothing more than 
a ſmall tube, but it has a conſiderable nerve in 
the place where the vaſa deferentia and ſemi- 
nal veſicles meet. I have obſerved this nerve 
alſo in the water Beetle, and very conſpicuouſly 
in Bees. The vaſa deferentia ee are next 
ſeen on each fide, and they contain a very 
white fpermatic humour: they are indeed 
ſomewhat ſlender where they are connected 
with the root of the penis ; but they become 
again dilated towards the middle, and thence 
become more ſlender where the principal teſ- 
ticular veſſel is united with them on each 
fide. The teſticles which diſcharge their 
ſperm through theſe vaſa deferentia, are of a 
very ſingular ſtructure in this Beetle. They 
conſiſt on each ſide of a ſimple vas teſticulare, 
which is about two feet two inches long. On 
one fide I exhibit here entirely rolled out and 
unfolded /, whereby it appears at the ſame 
time, that the end of it is ſomewhat thicker, 
and, like the cloſe gut or inteſtinum cæcum, 
has no orifice, Tab. XXX. fig. v111. and 1x. g. 
But on the other fide I exhibit this teſticle 5 
in its natural condition ; ſo that only the ex- 
treme end of this vas teſticulare appears re- 
moved from the maſs . The vaſa deferentia 
and vas teſticulare have in this creature innu- 
merable pipes and pulmonary veſicles : and by 
the aſſiſtance of theſe, the conyolutions of the 
teſticular veſſels are firmly kept tied together; 
ſo that they cannot be diſengaged from each 
other, unleſs theſe pulmonary tubes are firſt 
removed, which cannot be done without con- 
tinued labour and great patience. Between 
the vaſa deferentia are ſeen the ſeminal veſſels 
&k, which contain a ſpermatic matter of 2 
duskier colour than that of the teſticles or 
dilated vaſa deferentia. And this ſeminal matter 
is doubtleſs generated and ſecreted in the bef- 
cles themſelves, as is likewiſe the caſe in the 
human ſpecies and quadrupedes; in ſome of 
which the veſicles may be found _— 

wi 


with ſeveral ounces of ſperm. Each of theſe 
veſicles is terminated by a ſmall curled fila- 
ment I/, which is indeed divided on each 
fide into fix ſmall tubes ; on the tops of which 
are depoſited ſo many very beautiful little 
glands mm. Theſe being united to theſe 
twelve tubes, by their means ſend the ſeminal 
matter at the time of coition through the 
veſicles to the penis. I exhibit ſome of theſe 
glands alſo as REP *PREAL n when they are 
more ſwollen in middle than in the cir- 
cumferenee, and are there filled with a N 
cid matter, reſembling that ſubſtance in a Hen's 
egg, which Harvey calls the colliquaneantum. 
But the ſubſtance which ſurrounds the middle 
part, is filled with matter like the white of an 

when beginning to concrete, Hence it is 
— to conclude, the dusky fluid which is 
found in the veſicles is generated therein, un- 
leſs one ſhould rather incline to think that it is 
thus changed in the veſicles, which ſhould have 
been firſt proved. The middle part of theſe 
glandules is like a globe cut ſomewhat ſmooth 
on the top; but if the glandule be inverted o, 
this part appears entirely globular below, and 
the little branch of the veſſel united to the ve- 
ficles is there fixed in its center. This I ex- 
hibit ſomewhat larger than the natural ſize p, 
repreſenting in the ſame figure the ſubſtance g 
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that ſurrounds it, which contains a ſeminal 


matter much reſembling the white of an egg. 


All round theſe glandules and ſeminal veſicles 
are inſerted numerous branches of the aſpera 


artetia i one would almoſt think that one aw 


the ciliary ducts in the human eye. The veſi- 
cles have no communication with the vaſa de- 
ferentia, which is likewiſe the caſe in Bulls 
and many other animals, and even in other in- 
ſects, and as particularly in Bees. All theſe 
genital parts are perfectly white, except the 
veſicles, which appear gray on account of the 
dusky ſeminal matter they are ſwollen with, 
which is in ſome meaſure ſeen through them. 
Theſe little parts are fituated in the lower re- 
gion of the belly, and are there found folded 
or wrapped one with another, in ſuch a man- 
ner that at the beginning of the diſſection one 
would think they could not be diſengaged by 
any induſtry, But patience overcomes all ſu 
. I obſerve 922 that inſects differ 
very much with reſpect to their genital parts, 
as is plain in the organs of Bees, the 8 
Beetle, and others which I have occaſionally de- 
lineated. Theſe parts are likewiſe very beau- 
tiful in the Hornet, though I have not yet ſuf- 
ficiently examined into their ſtructure. I ſhall 
now pals to the ovary of the female. 


The genital parts of the female Rhinoceros-Beetle, 


HE female, which is diſtinguiſhed in this 

' ſpecies by having no horn, Tab. XXX. 
fig. x. 4, on its head, ſhews on diſſection, its 
ovary ſituated in the loweſt region of the abdo- 
men; but it is found to be ſituated higher when 
it is diſtended with eggs. In order to exhibit 
this the more clearly, I repreſent it, together 
with the head and gullet, and the ſtomach 5, 
which is very lender, and the inteſtines c, to- 
gether with the orifice 4 of the latter, which 
opens below and near the orifice of the ovary, 
as they are all naturally fixed among one an- 
other. The ovary ee conſiſts of twelve ovi- 
ducts, ſix whereof are fituated on each fide, 
but theſe afterwards meet in certain common 
paſſages, which immediately afterwards form 
one ſingle trunk, which may be called the 
uterus or rather the vagina of the creature. This 
trunk reaches to the extremity of the abdomen, 
out of which the female diſcharges her eggs 
. through the horny ring, which is 312 
a creſcent, and is ſhaggy f in the 388 
In one of theſe common ducts is here exhibited 
a perfect egg, and above are ſeen four other 


rudiments or imperfect eggs, adhering in three 


particular oviducts: the other three oviducts of 
this fide are empty or without eggs. On the 
other ſide may be ſeen three more perfect eggs 
in the oviducts, which otherwiſe appear very 
cloſely contracted in thoſe parts, where I 
have delineated no eggs in them. I diſſected 

this female the 17th of Auguſt, at which time 


theſe Beetles have done laying eggs, and even 


the young Worms are by that time found. But 


if the extremity of the vagina which is ſhaggy, 
be examined in the inner part, eight horny and 
bright red little parts, together with the paſſages 
that then lead both to the vagina and to the 
inteſtinum rectum or ſtraight gut, are obviouſly 
ſeen. Under the yagina, not far from its exter- 
nal aperture, is ſeen an oblong or pear-ſhaped 
bag, Tab. XXX. fig. x. g, which opens by a 
ſmall tube into the vagina, When this bag is 
cut, a yellowiſh matter is always found therein, 
which, after it is concreted, runs into ſmall 
crumbles, if touched ever ſo lightly ; its yel- 
low colour is ſeen through the bag. What uſe 
this ſubſtance is of I am yet ignorant. Above 
this bag are found two other tubes, which have 
cloſe extremities, and unite in one ſhort and 
narrow tube, which is likewiſe inſerted in the 
vagina. One of theſe little parts h in the Bee- 
tle I diſſected was pellucid, like a lymphatic 
veſſel, but the other was very white i, nervous 
and hard. The uſe of theſe little parts likewiſe 
is altogether unknown to me. One may alſo 
ſee here, in what manner all theſe parts are 
furniſhed with numerous pulmonary tubes, out 
of which iſſue many pneumatic veſicles or blad- 
ders, which likewiſe emit other tubes E, Ge. 
Theſe pipes connect the oviducts, ſtomach, 
inteſtines, and all the reſt of the parts here de- 
lineated firmly together, ſo that they cannot be 


diſengaged but by repeated efforts, There is 


a kind 
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u kind of entire trunk / of theſe” pulmonary 
pipes, ſeen near one fide of the common duct 
of the ovary ; and other ſmaller branches n are 


ſeen about the ſtomach and inteſtines. Whilſt 


I was engaged in drawing theſe pulmonary 
tubes, I purpoſely omitted to delineate the 
knotty veſſels or vaſa varicoſa, which are much 
narrower and cloſer in the Beetle than in the 
Worm, for I could ſcarce have avoided con- 
fuſion, if I had undertaken to exhibit to the 


life fo many different minute little parts. It is 


alſo remarkable both in the male and female, 
that theſe little inſets are now filled as much 
with pulmonary tubes as their Worms were be- 
fore with bladders of fat. | 
Before I conclude this account, I ſhall ex- 
hibit, becauſe it is pertinent to the ſubject in 
hand, five different exotic Rhinoceros Beetles, 
each of a peculiar ſtructure. The firſt has a 
breaſt- bone, fig. 11. a, which extends into an 
oblong tube, ſomewhat crooked about the ante- 
rior part, and at length ſplit or divided in the 
extremity. The horn of its noſe has alſo a 
ſharp riſing from the middle of it. In the ſe- 
cond, Tab. XXX. fig. 111. a, the breaſt is divided 
into two acute points, in the manner of a fork ; 
and the horn, which like a proboſcis, projects 
from the skull, turns itſelf in a peculiar man- 
ner, and is elegantly bent back between the 
teeth of the fork. This Beetle was brought 
from Japan. The breaſt-bone of the third, 
fig. 1v. 6, terminates in a ſhort horn ſome- 
what divided; from each ſide of which two 
other ſhorter crooked. points project out of, or 


from the breaſt-bone : the horn on the noſe in 


this is likewiſe very ſhort, and terminates in 
two arched and ſharp-pointed branches. This 
Beetle was brought from Braſil. I only exhi- 
bit the thorax or breaſt-bone of the fourth, 
fig. v. c, becauſe it is in the body like the 
firſt, ſecond, and fifth. This bone is pretty 
large at its origin, but it terminates in two 
ſhort, crooked, obtuſe points, and is adorned 
alſo on the lower part with ſome ridges pro- 
jecting beyond the furface. The horn on the 
noſe in this ſpecies is ſplit as in the firſt ſpe- 
cies; The breaſt-bone of the fifth, fig. vi. d, 
is divided in various manners, it firſt emits a 
ſomewhat prominent obtuſe point, afterwards 
it grows ſmall, and then expands again into an 
eminence ſomewhat divided, and at length it 
terminates in two acute points or ends near the 
eye, one of which is conſiderably larger than 
the other. The margins or extremities of this 


The end of the wonderful hiſtory of the RHINOCER0S-BEETLE, 


We have in England two ſpecies of Beetles which are able to leap in a very ſurpriſing manner. In other inſects this mo- 
tion is performed by means of the legs, which are made of 4 

tures do it by means of their thorax, which is alſo formed in the under part in a peculiar manner riſing and elaſtick for that 
purpoſe ; one of theſe is of a cheſnut brown, the other of a greeniſh black. They both bave flatted bodies and ſlender legs. 


bone have two ornaments like thoſe which 1 
mentioned in the fourth ſpecies. The other 
fide of the breaſt- bone is divided and extended 
in like manner as that which I have here 
. The horn that riſes from the noſe is 
bent back like a ſegment of a circle againſt 
the prominence of the breaſt-bone *, and is 
obtuſe at its extremity. A more accurate ex- 
planation of the parts of theſe ſeveral ſpecies. 
will be given at the end of the work. 
| Now that I am near concluding this ſubject, 
I ſhall beg my readers to confider, whether the 
parts of theſe little creatures changed in ſo won- 
derful a manner, and formed with' ah art not 
inferior to the conſtruction of the human body 
itſelf, can be formed by the aſſiſtance of heat 
and moiſture, or be produced by chance from 
putrefaction? Or whether the infinite - wiſdom 
of God, and that moſt powerful hand, whoſe 
fingers made the heavens, and framed all na- 
ture, muſt be conſidered as the only inſtru- 
ment of their exiſtence? I ſhould indeed be- 
lieve no one would preſume to deny this. 1 
{hall therefore conclude this hiſtory, by obſerv- 
ing that the Beetle is only a Nymph diſengaged 
from its skin, and changed by accretion ; as the 
the Nymph likewiſe is only a Worm that has 
changed its skin, and is altered or transformed 
in the ſame manner : hence theſe ſeveral ſtates 
exhibit only one inſect under three different 
appearances, which, after its miſeries and mor- 
tifications, is advanced by degrees to a glorious 
and happy reſurrection. The Worm leads a 
miſerable life under the earth. The Nymph, 
deprived of motion, remains long as it were 
dead; but the Beetle, living at pleaſure above 
and under ground, as alſo in the air, enjoys a 
ſuperior degree of dignity, which however it 
has attained by afflictions and death, for with- 
out paſſing through theſe difficulties, it could 
never have come to that perfection. Here calm 
and ſerene weather ſucceeds a ſtorm, and death 
opens the gates to life. Hence the apoſtle 
ſpeaks moſt juſtly in reſpect to us: © I think 
*« that the ſufferings of our temporary ſtate 
are not worthy the future glory which ſhall 
© be revealed in us.” We therefore, treadin 
in the foot-ſteps of our Lord Jeſus Chriſt, wn 
having ſuffered all the miſeries and puniſhments 
of this life, expect the reward. My ſpirit, in 
the mean time, raiſing itſelf with fervent zeal 
to God, cries out: My ſoul magnifies the 
Lord, becauſe he diſcloſes great things unto 
% me: he is powerful, and his name is holy. 


engths and forms adapted to that purpoſe : but theſe crea- 


CHAP, 


| from a viſible egg, in ſuch a manner 
that an intermediate Worm firft iſſues out of 
this egg; in the ſame manner a Worm or Ver- 
micle, out of which the Gnat has its origin, is 


produced from the of a winged parent. 
As the ſeveral parts of the Worms out of which 
the juſt mentioned three inſects ariſe and increaſe 


by degrees under the skin, and the creature havi 
caſt it, at length appear to our fight, all theſc 
incidents have place in the Worm and Nymph of 
the Gnat. But there is, notwithſtanding, in this 
inſet a conſiderable difference, which is, that 
whilſt the Nymph of the Ant, Bee or Beetle, 
is without motion, and cannot change its place, 
this Nymph of the Gnat; on the contrary, has 
the power of loco-motion, and ſwims in the 
water ; for this reaſon, it appears at firſt ſight 
to approach in a great degree to the Nymphs 
of thg ſecond order. 

On a juſt examination of the ſubject, this 
difficulty will be found, however, of ſmall mo- 
ment: for the Nymph of the Gnat, in rea- 
lity, has no more motion in its legs than the 
other Nymphs of this third order; for it is 
never obſerved that it moves in the leaft 
its head, breaſt, horns, wings or legs; the con- 
trary whereof is obſerved in Nymphs of rhe 
ſecond order. For this reaſon, though the 
Nymph of the Gnat has ſo ſtrong a power of 
moving from place to place, yet that is no ob- 
ſtacle to 1 —— our referring it a and 
juſtly to the third, and not to the fecohd order. 
The true reaſon of the difference conſifts in 
this, the change which the tail of the Nymph 


of the Gnat ut | 
as that the Nymph ſhould thereby loſe the fa- 
| ty. The tail is the only 
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are in the Nymphs of Ants, Bees and Beetles. 

And even theſe Nymphs are ndt wholly de- 
Wi 


ived of the po- moving their tail, as 
[oridarr Ur hs N of the Rhinoceros- 
Beetle juſt deſcribed ; for this can, by the ro- 
tion of its tail turn itſelf a little in its terreſtrial 
habitdtion, But in the Nymphs of Ants ant 
Bees this is not obſerved, until they have paſſed 
the greater part of the 72 ſtate, and are 
very near changing their skin. Having there- 
fore removed this difficulty, which might ap- 
pear more conſiderable than it is to thoſe leſs 
acquainted with theſe changes. I ſhall proceed 
to give the particular hiſtory of the Gnat and 


tate microſcop 
what dusky, but as it grows tow 
motion of the ſtomach 


diſcovers to us vey clearly what paſſes 
and inteſtines are perfectly ſeen, and 


I prtibiles traatis in the Calis or Gnu, whith Tewiſe beings to the 
method of the third order of natural changes called the Nymph. 


® There is not in all the inſeR world en 
Within 
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and its Nymph; from the particulars of which 
all thoſe thirigs Which have been faid in the 


preface will be better explained and eaſier uns 
r 


b 
The Gnat is produted out of a very ſmall 
egg, which is expoſed or caſt into the water 
by the parent Gnat, when ſhe is engaged in 
laying her eggs, and in a few days this pro- 
duces a very ſinall Vermicle or Worm * 
was firſt informed that the Gnats ſprung out 
of the water by tlie curious and learned Mr. 
Duiſſen, a very vigilant proteſtant miniſter at 
Saumur in France, who Fad obſerved it in his 
kitchen garden, where there was a ſtone baſon 
with water in it, out of which he ſaw plainly 
that Gnats aroſe at a certain ſeaſon. 
Afterwards, on my return to Holland, I 
found the Worm of the Gnat ſwimming in 
water, and immediately took its figure. "; — 
it happened, that when I faw it in the ad- 
mirable figures of Dr. Hook's micrography, I 
immediately knew it, fince that very Rong 
Engliſh gentleman has delineated it with the 
eateſt accuracy. But this celebrated writer 
des not ſeem to me to have examined the tail 
of that Worm with ſufficient attention. I ſhall 
obſerve further, that the Nymph of the Goat 
has been ſomewhat improperly exhibited by 
him, unleſs he had ſome other. ſpecies of this 
inſet, This is the more probable to me, as L 
find. there are various Nymphs F Gnats, as 
well as many kinds of the Flies themſelves. 
In Tab. XXXI. fig. 1v. I exhibit in its na- 
tural fize the Worm out of which the Gnat 
is produced. The fame is ikewiſe repreſented 
in fig. v. magnified by a microſcope, and thus 
it preſents to the eye very obvi 


the con- 
ſtruction of its breaſt an . may be 
likewiſe obſeryed here, in what manner it raiſes 
itſelf to the ſurface of the water by the help 
of its tail, and alſo the conſtruction whereby 


it is divided into the head, breaſt, body and 


Ds rg wh | oy ſunk under the wa- 
ter, I have ſhewn in this e various particu- 
lars particulatly the eyes, _ ——_ oo the 
lower part of the mouth. The eyes are black 24, 
and have a ſmooth and poliſhed ſarface z nor are 
they divided Iike a cluſter of grapes, or by an 
hexagonal network, as in many inſets, but 
are of a figure ſomewhat lunated or like a creſ- 
cent. The horns are ſhaped not unlike the 
collar-bones, Tab. XXXI. fig. v. 6b, in the 
human ſpecies, and are furniſhed with hairs to- 
wards their ends. The opening of the mouth 


ſuited to ſhew the ſeveral operations of life. than this. A mode. 
its tranſparent body. The creature is at firſt greeniſh 1 


the change, it becomes 2 and greeniſh. At that time the beating of the heart, and the 


two principal pulmonary tubes may be traced along their courſe 
„ 2 85 is 


1 likewiſe ſhewn here e, appearing like a black- 
Hh triangular ſpot. We may likewiſe diſtin- 
guiſh by the microſcope ſeven.other little parts 
of the mouth, whereof I exhibit three, as well 
above the mouth. as at its ſides; but the ſeventh, 
which is ſomewhat brown, is obſerved to have 
its two baſes placed near the thorax, and reach- 
ing to the eyes. This little part is ſomewhat 
whiter in the middle, and grows browner a little 
Tower near the mouth, but in the anterior or 
fore part, it appears to be formed like the nails 
of our fingers, or the ſcales of fiſn. Where this 
little part terminates with its brown curvature 
or winding, almoſt in the middle or lower re- 
gion of the head, I exhibit the firſt of the 
three pair of little parts already named. This 
pair is of a triangular figure, on account of the 
hairs wherewith their inner fide is ſurrounded. 
About the end of this follows another pair of 
the like little parts, the beginning of which are 
horny or bony, but the extremities are hairy. 
Below theſe again are ſeen a third pair of little 
parts which are ſomewhat thicker and more 
ſhaggy, and extend to the hairs of the horns. 
Theſe three pair of little parts are, properly 
{veaking, articulated briſtly hairs, which the 
Worm of the Gnat makes uſe of to direct the 
food to its mouth. I have before obſerved 
ſomething like this in the hermit Crab, in 
which I have deſcribed many little parts of a 
ſomewhat like kind. The mouth of this 
Worm is in the fore beſet thickly with 
hairs, which are all of equal length, and are 
placed equally diſtant from one another : this 
is ſhewn at the letter c. 

In the thorax are certain regular diviſions dd, 
which are produced by the growing and extu- 
berant joints of the legs and wings of the Gnat 
within. Hence I can ſhew even in this Worm 
all the limbs and parts of the future Nymph, 
and of the perfect Gnat lying under the skin, 
as I ſhall do on a ſucceeding occaſion in the 
Worms of Bees, and ſhall thus exhibit an ex- 
ample applicable to all other inſects belonging 
to this firſt ſpecies, or method of the third order 
of natural transformations. Afterwards, when 
come to the ſecond method of the third or- 
der, I ſhall preſent to the eye a kind of · ſimilar 
inſtance on the diurnal Butterfly. We may like- 
wile further obſerve how. the thorax of this 
Worm is diſtinguiſhed with furrowed lines, 
and beſet on each fide with briſtly hairs, many 
Huing together as it were out of one center, 

The belly is divided into eight annular ſec- 
tions, Tab. XXXI. fig. v. ee; to which, if you 
add the ſhaggy extremity F of the tail, and that 


part of it which is likewiſe ſtrengthened g with 


the briſtly hairs, and is extended by the 


rings muſt be reckoned in the whole. In that 
part of the tail which is ſeen þ above the ſur- 
face of the water, there appear certain black 
ſpots, and ſome depreſſions or holes, as alſo 
many briſtly hairs. But here we muſt take 
particular notice, that whenever the Worm, 
iwimming in the middle of the water pulls 


down the part of the tail juſt mentioned under 
the water, that part never becomes wet. There. 


fore, when the Worm wants to reſt; or ceaſe - 


moving, it immediately goes. up to the ſurface, 
and there, by means of its tail, ſuſpends itſelf 
almoſt in the ſame — as hae + 
s figure of a man hang pendulous in a 
badi in water. This is done the caſier by 
this Worm, becauſe its tail always remains 
dry: hence it is alſo obſerved that as ſoon as 
this appendage of the tail has again emerged to 
the ſurface, the water immediately flows away 
from it on every ſide. And one may diſtinctly 
ſee that a kind of baſon or hole is by that means 
impreſſed on the water, when the body of the 
Worm gravitates downwards; the water not 
being able to penetrate into the dry-tail and its 
depreſſions, is ſtopt in its circumference : and 
therefore the Worm, in regard to the extremity 
of its tail, very beautifully. ſwims in the water 
in the manner of an empty hollow glaſs. The 
like effect may be likewiſe produced by art, 
if a needle be drawn through a cork and put 
into the water; for the cork will then ſwim on 
the water, and in like manner make a conſi- 
derable depreſſion in the ſurfactde. 
Near the extremity of this tail I exhibit 
ſome bubbles in the water ; theſe are fre- 
quently ſeen, and they ariſe from the air which 
the Worm can at pleaſure emit there out of its 
body. I have ſeen that the Worm, in order 
to draw in the air, has raiſed its head out of 
the water. When it has happened that the tail 
had loſt its dryneſs, and the Worm by this means 
can no longer ſuſpend itſelf on the ſurface of 
the water, which is the caſe when it is bruiſed 
or handled too roughly ; I have on theſe oc- 
caſions obſerved, that it put its tail in its mouth, 
and afterwards drew it back together with its 
hairs. In this method of proceeding the inſect 
reſembles water fowls, which, by drawing their 
quills through their beak, prepare them in ſuch 
a manner that they can reſiſt the water, - They 
ſecrete this fat matter by means of a double 
land which they have in their rump, in which 
is oil, which ſtrengthens the wings againſt 
the water, is generated and excreted, and they 
thence take it into their beaks. I have ſome- 
times covered anatomical inſtruments. of ſteel 
with this matter, in order to keep them from 


ruſting, and have found that the ſteel continued 


ung 
fectly defended from ruſt by means of it; and 


I think it would have greater effect, if one had a 


great quantity of it boiled and properly ma- 
na * 85 


As his whole inſet is pellucid, I have here 
exhibited the two tranſparent pulmonary tubes 
which appear in the middle of the tail where 


Worm above the ſurface of the water, ten it floats in the water. . Theſe ariſe from the 


body near the thorax, and contain, Tab. XXXI. 
fig. v. EA, in them the quantity of air whereby 
the bubbles are produced. This inſect there- 
fore breathes at its tail, in the ſame manner as 
the Worm of the Gad Fly. But this tail is not 
ſo abſolutely neceſſary for the Worm of the 
Gnat, that it cannot live without it. It only 

7 ſerves 


ſerves for its conveniency, and by its powers 
enables the Worm to reſt or hold - itſelf ſuſ- 

on the ſurface of the water. Hence it 
is, that the tail is entirely de and thrown 


off when the Worm caſts its skin and is changed 
into a Nymph. 
As to the other part of the belly or tail, 
whole extremity is likewiſe „ with briſtly 
hairs, I exhibit about it ſome ſmall lumps / of 
an earthy matter, which fall into the water and 
there, melt away by degrees m. Theſe are the 
excrements voided from the inteſtines: We 
may likewiſe obſerve here the inteſtines them- 
ſelves, which contain theſe fœces, and are ſeen 
through the tranſparent belly; ſituated between 
the pulmonary tubes & &, and at length termi- 
nating in this other extremity of the belly 
which is the real tail. It is very fingular, that 
in this Worm, not only the motion of the in- 
teſtines, but alſo the propulſion of the excre= 
ments in them n may be ſeen through the inte- 
guments of the body. This motion of the 
inteſtines, the never-enough celebrated Dr. 
Hook firſt diſcovered. I obſerve likewiſe that 
theſe pellucid inteſtines appear ſometimes white, 
ſometimes black, and are ſometimes divided 
into little knots. This variety ariſes from the 
contents and excrements being more or leſs 
changed in them. Laſtly, I likewiſe ſhew ſmall 
hairs in the eight rings of the abdomen, three 
in ſome, and in others four, and alſo the 
{quamous or ſcaly windings and conſtructions 
thereof. | 
When this Worm is arrived at its full 
growth, and its limbs having attained their 
due perfection, are ſwollen or filled with blood 
and humours, it throws or caſts off its old 
skin, and expoſes to open view all its hitherto. 
hidden limbs and 3 this is when it is 
changed into a Nymph, which is delineated in 
its natural ſize or bigneſs in Tab. XXXI. fig. 
vI. and in fig. v1. as it appears magnified with 
a microſcope. In the latter deſign, the head, 
breaſt and belly may be more diſtinctly ſeen 
than in the Worm; nay, and the eyes alſo, 
and the horns, the tight the legs and the 
wings. All theſe parts are however fluid like 
water, and muſt in due time evaporate this 
moiſture in the water, to. ſuch a degree as to 
acquire due firmneſs, e. 
Leſt the delineation of theſe parts ſhould be 
obſcured by annexing letters to them, I ſhall 
ſhew them all in a leſs finiſhed figure, which 
I have added for that purpoſe. Before I begin, 
it muſt be particularly obſerved, that the head, 
which before in the Worm hung downwards 
towards the bottom of the water, is always 
raiſed upwards in the Nymph, and is likewiſe, 
by means of two tubes, ſuſpended on the ſur- 
face of the water, in the ſame manner as the 
tail of the Worm was before. Hence, as the 
Worm then drew the air through the tail, be- 
ing changed into a Nymph, it now breathes the 
ar with its head through the tubes juſt now 
mentioned, Hence it is alſo obſerved, that the 


3 


tail which in the Worm was protended. up? 
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wards, lies in the Nymph ſunk under the Wwa- 
ter; and this is indeed a remarkable change in 
the inſect with reſpect to its manner of living. 
One might take theſe tubes in the head for 
the horns which the Worm had before, and 
which are now, after. caſting the skin, dilated 
and adapted to another uſe ; but thoſe horns 
were ſituated nearer to the foremoſt parts of the 
head. The tail is likewiſe upon the change of 
its sk in conſiderably altered; it has acquired 
in this ſtate a beautiful feather, to ſerve as a 
rudder, by the help of which this Nymph 
moves freely from place to places and ſwims in 
a quite another manner than it uſed to do when 
it was in the ſtate of a Worm. Dr. Hooke 
has alſo obſerved this change of the Nymph; 
in reſpect to the manner of its moving and 
ſwimming, as appears from his Micrography: 
In many inſects, nay, particularly in theſe which 
belong to the ſecond mode of the third oder, 
it is obſerved that when they are changed into 
the Chryſalis they have a motion in their tail; 
though all the reſt of their body become 
wholly immoveable, as is alſo the caſe in this 
Nymph. We have fully treated of this in the 
beginning of this chapter. | 
On one fide of the head in this deſign is ſeen 
an eye, Tab. XXXI. fig. vin. a, covered a 
little on the upper part with a membrane; 
which inveſts the proboſcis or trunk, and this 
eye, is now divided into hexagonal and globular 
diviſions. Above this appears to be ſituated one 
of the antennæ 6, divided into ſeveral black knots 
which are ſo many joints. The trunk c which 
is the Gnat's ſting, and which partly covers the 
eye, is placed with its ſharp point between the legs 
and wings. The legs d 15 d are in a wonderful 
manner twiſted and bent, but eſpecially in the 
hinder part; and they are hidden between the 
wings, and appear plainly through the tranſpa- 
rent ſubſtance of the latter. This I here exhibit 
delineated, that both the wing of this ſide may 


be ſeen, and alſo the membrane that inveſts 


it ee, and which is placed above the legs. The 
body is divided into eight rings, on which fome 
of the hairs, that have changed their outer co- 


1 F, are obſerved to reſt. Through the 
mid 


of the whole length of the body appears 
a beautiful border or riſing verge g g, which I 
could ſcarce diſcover in the Worm of the Gnat, 
nor have I afterwards. found it conſiderable in 
the perfect Gnat itſelf. . The tail, which hangs 
down, has, as I obſerved, a moving jointed fin h, 
by thehelp of which the Nymph removes from 
place to place. In the upper parts of the head are 
ſeen the tubulated horns z i before deſcribed, by 
means of which the creature, while in this ſtate, 
hangs and breathes oh the ſurface of the water ; 
but by the help of this conſtruction the Nymph 
is now better prepared to be changed into a 
Gnat after caſting its ſkin. This inſect, while in 
the Nymph ſtate, has no certain colour; for, 
upon its change, it grows white, and afterwards 
becomes ſomewhat green, and at laſt it ap- 
proaches to black. 0 
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Water, and its tender limbs. are 
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After this Nymph has "lived ſome days, 
moving itſelf backwards and. forwards in the 


it burſts and caſts Ms'ſkin in the middle 
thoſe two horns or tubes, by the of which 
it was before ſuſpended on the ſurface of the 
water; and after this, on account of the light- 
neſs of its body only, it remains on the ſur- 
face, until its wings are expanded and dried 
with air; then the Nymph having aſſumed the 
form of a Gnat flies away, leaving its caſt 
{kin ſwimming in the the water, where it in- 
ſenſibly decays. | | | 

The Gnats of this ſpecies , which are beſt 
of all known in Holland on account of their 
miſchievous trunk or ſting, are eaſily diſtinguiſh- 
ed into males and females, I exhibit the male 
in Tab. XXXII. 
view of it in fig. 11. Between this Gnat and 
its Nymph there is no other difference, ex- 
cept that the limbs are diſpoſed and placed 
in a different manner in the Nymph from what 
they are in the perfect Gnat. Hence, as the head, 
breaſt, belly, &c. may be ſeen and unfolded in 
the Nymph, we may diſtinguiſh all theſe things 
in the Gnat itſelf, but much more accurately, 
for the external ſkin of the Nymph, which 
prevented the more diſtinct view of all theſe 
parts, has been now, upon the laſt change, 
thrown off. | 

In the head of the male Gnat, I particularly 
exhibit, in the enlarged figure, the eyes, horns, 
and trunk ; as alſo two other parts placed near 
the trunk or « wp < vr pp or —_ 
latter is rly : eyes a 4 itute 
the — 9 of the head, as is the caſe in 
many other ſpecies of inſects. They are of a 
greeniſh colour, and they form as it were an 
hexagonal piece of network, the diviſions where- 
of riſe in a globular figure. Near the eyes I 
repreſent the bb, which ariſe as it were 
out of two yellowiſh fleſh-coloured little globes, 
and. are beautifully divided into twelve black 
knot-like joints, which are ſurrounded with 
hairs like. tender flaxen threads. Toward the 
extremity of each of theſe antenne is ſeen a 
circle, conſiſting of fix hairs placed in a circle; 


above which appear the extreme ends of the 


horns ſurrounded or covered: with yet ſmaller 
hairs. As to the other two long and crooked 
parts, between which the trunk or aculeus is 
obſerved to be ſituated cc, I find them divided 


into three joints, beſet. with hairs toward their 


extremities, and moreover covered every where 
with a kind of browniſh feathers, which re- 
ſemble, as the feathers. of Butterflies do, the 
little ſcales of fiſhes. _ 2 

The trunk is of the ſame colour, and is 
adorned d with the like ſcaly little feathers, but 
it is not divided into joints, being immoveable 
in the middle; though: there are plainly ſome 
diviſions toward the end of it; and it is there 


We have in England three very diſtin kinds of Gnats: the largeſt of theſe has brown eyes, and a black and White bvdy ; 

er brown: this has the moſt miſchievous bite of any, The third or ſmaller kind has a red breaſt; this 
alſo bites ſeverely. The Worms of all theſe are alike in form, andy what is very remarkable, they differ little in fe. We have 
deſide theſe a multitude of diſtin& ſpecies very ſmall, which are, ip the fen countries, very troubleſome 9 


the middle kind is alt 


Ys + 


fig. 1. and alſo a microſcopic the 
is 


of the Gnat. | *. 


ed, and which we uſually call the trunk e, the 
leus or Ring of the Gnat, is nothing more 
Ne re OS 

5 pech ig r a 
it. - This ſting is provided with 
that I could never obſerve the 
with the beſt microſcopes 
put the 


ſheath "ind this 
is 1h in all Gnats; and this 
I in that ſpecies deſcribed by Goedaert, 
the ſting of which I ſhould incline to think 
ery ſhort, and lies rather in the mouth than 
in any ſheath or caſe; ſo that the ſame thing 
ſeems to obtain here as in the Louſe kind, the 
ſheath and trunk of which are alſo diſcovered 
with difficulty, though theſe little creatures 
prick or ſting vehemently, and give us great 
trouble by ſucking our blood. 

Thus I. obſerve, with reſpect to other in- 
ſes, that there is difference as to their 
ſtings and trunks; ſome of them have their 
proboſcides eight times longer than others, be- 
ſides that the conſtruction differs greatly in 
both. But I have elſewhere faid enough on 
this ſubject, when I treated of the ſwift Butter- 
fly, which is repreſented in the hiſtory of the 
Rhinoceros Beetle, Tab. XXIX. But when! 
come to the Gad Fly I ſhall, from the obſerva- 
tions I have made on the ſting and trunk, offer 
ſome reaſons why many inſects that feed on 
blood, ſtill preſerve life, t deprived for 
a. long time of the blood wherewith they na- 
turally nouriſh themſelves. This queſtion may 
certainly ariſe with reſpe& to B Fleas, and 
ſeveral ſach inſets, and alſo in regard to the 
Gnat kind. I now return to the ſubject and 
ſhall give a more full explanatioh of the trunk 


I The caſe or ſheath of the Ring; as T have al- 
ready obſerved, is immoveable in the middle, 
but where it is united to the head it appears to 
be jointed. If one diſſects it under the mi- 
croſcope, and very quickly breaks it off at 2 
little diſtance from . or euts it, Tab. 
XXXII. fig. 111. 4, in its circumftrence, but in 
ſuch a manner, as at the ſame time to draw 
this broken caſe of the ſting from the ſting it- 
ſelf, which is placed on the infide ; this way 
at length the aculeus is plainly ſven naked and 
diſengaged from all ir ents, in which 
ſtate it could not be viewed before. When 1 
firſt made this experiment, 1 fought 1 had 
diſcovered the whole aculevs in this manner: 
for I obſerved an acute pellucid little part of z 
bright red colour 6, which conſiſted of a horny 


or 
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or bony matter, and was moderately ſtrong 


and yet flexible. But upon examining this lit- 
glaſs, I obſerved that there was a conſiderable 


e juſt below its ſharp point; and I alſo 
obſerved two little drops of a real liquor, at 
ſome diſtance each other, lying in the 
middle of this little” part, as in a little hollow 
tube. As 1 to expreſs or get 
out this liquid under the microſcope, it 
pened, contrary to my expectations, that I broke 
that little part. This accident had great ad- 
vantage, for on the inſide of this little part 1 
then diſcovered five diſtinct aculei or ſtings, and 
conſequently thus found the whole conſtruction 
of the aculeus. + | 

I obſerved that two'of theſe aculei which 
were hidden within the tubulated little canal 
of the general thing were, much more ſlender, 
Tab. XXXII. fig. 111. cc, than the three others, 
which appeared thicker and ſtronger, d d d. 
I likewiſe obſerved that they were ſomewhat 
broader where they were articulated with the 
head, but that they afterwards became ſmall, 
and that they were finally confiderably extend- 
ed, before terminate in their delicate and 
fine points. All theſe aculei were of a delicate 
ſmooth ſurface, but in the middle they were 
ſomewhat thicker and more diſtended, ſo that 
in that part they appeared of a browner colour, 
exhibiting to the eye within a pellucid bright 
redneſs: but they conſiſted of a flexible 
horny or bony matter like that of the little 
canal which contained them. I could not diſ- 
cover any cavity in them, though there ſeemed 
to be ſomething of this kind in the larger ; for 
when theſe were examined with a yery acute 
glaſs, they curled and continually EA og 
this, I thought, muſt be attributed to the eva- 

ration of the humour - incloſed or contained 
within their ſubſtance. I could by no means, 
however, obſerve any other mark of their being 
hollow on the inſide. 

As to the uſe of theſe five aculei, they ſeem 
only to ſerve as ſo many very ſharp lances to 
enter the pores of the skin, and afterwards to 
retract or draw themſelves back into the inward 
caſe wherein they are kept : but then I ſhould 
think that the acute and hollow extremity of 
this caſe is certainly introduced into the wound, 
and by means thereof the Gnat afterwards 
ſucks the blood, which, running or aſcending 
by ſuction between theſe ſharp ym is at 
length conveyed into the body of the inſect. 
Hence there appears almoſt the ſame uſe of this 
ſheath as there is of the ſilver pipes uſed by 
our ſurgeons, through which they paſs their 
lancets when they are about to open ulcers that 
lie deep between the jaws, and are careful to 
9 no other parts but thoſe they are to cut. 
The reaſon why nature hath made five aculei 
for this purpoſe, is, I confeſs, beyond my com- 
prehenſion, unleſs one ſhould incline to think 
that by the repeated agitation of ſo many things 
in the womb, the blood is better prepared to 


aſcend through this long and moſt flender tube 
wherein thoſe ſtings are hiddenm. 

I am firmly perſuaded that when the Goat 
has no opportunity of drawing blood "out of 
animals, it ſucks, with the help of its caſe, the 
juices of flowers, plants or fruits; being con- 
tent with feeding on the latter when it wants 
the former: indeed, by what other means could 


it ſupport itſelf, when it lives in the fields and 


woods? Þ would not now preſume to affirm 
for certain, whether; when I firſt communi- 
cated to the public the figure of the Gnat's 
trunk, not knowing then that it had five ſtings, 


I ſaw one or more ſtings projecting or hanging 


out of its caſe ; but I am not certain now that 
theſe five ſtings, viewed ſideways, do not ap- 
pear broader in the fore part next under their 
points than elſewhere. 3 oy 

After I had made the obſervations already 
mentioned on the ſting of the Gnat, I often 
afterwards obſerved in the dead Gnats, that all 
their ſtings were broken off from their caſe, 
and appeared without the little tube, without 
my aid. And hence I began to conſider, whe- 
ther theſe integuments of the five ſtings reſem- 
ble or not the ſheath or caſe of a Bee's ſting, 
and only or looſely contain the real ſting, as a 
ſcabbard open on one ſide might hold a ſword. 
But, notwithſtanding the repeated pains I have 
hitherto taken to diſcover the truth in this 
matter, yet I could never find out any mark 
of ſuch a ſtructure. I therefore think I may 
ſafely maintain that both the caſe of the ſting 
and its inward pipe are tw¾o diſtinct and entire 
integuments, the exterior of which contains the 
little tube, and the interior, which is the little 
tube itſelf, contains the five ſtings. 

It has ſometimes happened, that upon ex- 
amining theſe things in other ſpecies of Gnats, 
I have obſerved that, like the ſtings of Bees, 


they were provided with a kind of crooked 


claws, or were at leaſt ſerrated on their ſur- 
face. But this I had not the good fortune to 
ſee when I was engaged in drawing and finiſh- 
ing the figures of theſe parts frony the preſent 
ſpecies ; only I thought I once faw ſomething 
like it through the common microſcopes, and 
therefore thoſe who are fond of microſcopes, 


muſt take care not to confide in one lens or 


glaſs only, and muſt not always view the ob- 
ject in x 4 fame manner and fituation, for by 
this means many errors, ariſe. In the third 
re above mentioned is likewiſe feen the 
neck, Tab. XXXII. fig. 111. e, of the Gnat, 
and the head / placed thereon, in which the eyes 
g g appear, as alſo the antennæ cut off h b, and 
the articulated ſetae for briſtly hairs ii, which 

are cut off above the ſtings. | 
As to the thorax of the Gnat; it carries the 
legs and wings, and alſo two little parts like 
hammers, and of an oval figure. The legs are 
of a browniſh colour, and conſiſt of ſeven 
joints, fig. 11. f f, which are larger in the 
hinder that in the fore legs: but befides theſe, 
the extremity of each leg is likewiſe armed 
8 with 
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colour; but they are obſcured or ſhaded by a 
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with two claws.” Moreover, the legs of this in- 
ſect are all over covered with ſcaly little feathers 
between which appear ſome blackiſh ſetaceous 
hairs. * * Nn 3 £586. 

The ſtructure of the wings ggg is ſo beau- 
tiful, that nothing can, in a manner, be invent- 


ed more ingenious. or artificial. They conſiſt 


partly of pulmonary tubes, and partly of deli- 
cate membranes, which are perfectly pellucid. 
They are of an oblong form, and of a glaſſy 


very great number of ſcaly rhomboidal figures, 
which are a vaſt ornament to them. All the 
membranes of the wings are inter woven with 

ulmonary tubes, vhich run through them 
like ſo many veins and nerves ; and upon thoſe 
pulmonary tubes, which are conveyed out of 
the body into the wings, are fixed theſe oblong 
and broad feathers for the ſake of ornament. 
The ſame conſtruction is ſeen alſo in the be- 
ginning, middle, and circumference of the 
wings, and is a very agreeable fight. In order 
to make this ſtructure clear or more evident, 
I here exhibit the wings ſomewhat larger, in 
proportion to the other part of the Gnat, than 
they were formerly. But if theſe wings were 
repreſented as large as they can poſſibly be 
magnified by good glaſſes, the divine miracles 
that are preſented to us therein would amaze 


all mankind. 


We ſhould then diſtinguiſh clearly that every 
ſeries of the little feathers before deſcribed, 
likewiſe reſts on a ſtalk or tube, by means of 
which, it is united to the pulmonary tubes : 
and alſo, that ſome of the feathers are here and 
there larger, ſhorter, or broader, and placed 
in a quite different manner from the reſt, as 
far as regularity and beauty would admit, If 
broken feathers chance to occur any where, 
their quills will be found there ſtill fixed in the 
pulmonary tubes. The ſtructure of the little 
feathers would ſhew itſelf very admirable in 
this caſe, for almoſt all of them are inter- 
woven with fix regular little ribs like ſo many 
nerves, each of which conſiſts of a great num- 
ber of regular globules, This is ſeen more 
clearly by the help of a powerful microſcope ; 
all theſe little feathers being likewiſe tranſpa- 
rent, though they are not altogether ſo clear 
as the membranes of the wings. 

Further we may obſerve, in what a won- 
derful manner the very membrane of the wings 
is conſtructed in this creature, for it appears 
under the microſcope beſet with many promi- 
nent papille or little riſings. If this part be 
viewed by help of the moſt powerful microſ- 
cope, it will be diſtinctly ſeen that all theſe 
papillz are ſo many crooked, curled, pellucid 
little tips or points, of moſt delicate, long or 
extended papillæ. In all this the omnipotence 
and wiſdom of God ſhines brighter than the 
meridian ſun. All theſe things cannot be ex- 
preſſed in the ſmall compaſs of a ſingle figure. 
I have therefore exhibited upon this membrane 
of the wings, only a few out of the great num- 


ber of theſe infleted and ſharp-pointed papillæ 
in the form of points. Nay, I would venture 
to aſſert, that however good the miĩcroſcope 
made uſe of is, yet one cannot fee theſe pa- 
pille diſtinctly, unleſs we firſt tear a part of 
the membrane of the wings carefully for that 
purpoſe; for the ſharp lutle tops or points 


which I have here mentioned, are only to be 


ſeen when all impediments are moſt carefully 
removed. z | 0 

The malleoli, Tab. XXXII. fig. 11. 5 b, or 
little hammers fixed to the breaſt, whereof 1 
made mention, are of a ſomewhat irregular 
ſhape, and at their extremities are conſiderably 
dilated : they are there ſmooth and of a whitiſh 
colour. I have obſerved ſuch malleoli almoſt 
in all Flies which have only two wings. The 
ſurface of the thorax alſo ſhines a little, and 
being covered in a manner with red briſtly hairs, 
inſtead of feathers, it is likewiſe adorned with 
a red colour, | 

The belly is divided into eight rings & E, in 
the ſame manner as I have exhibited in the 
Worm and Nymph. All theſe diviſions are 
likewiſe as viſible in the perfect Gnat, as in thoſe 
ſtates lately mentioned. I further, obſerve that 
the belly and tail are every where covered with 
feathers, which are black in ſome places ; and 
this is the reaſon that the belly and tail 
divided as it were by black rings. The other 
little feathers intermixed with the former are 
of a white or yellowiſh colour, and are wholly 
tranſparent. Moreover, the whole belly is every 
where covered with fine hairs, the extremities 
of which curl, and ſeem to be in ſome meaſure 
entangled in one another, though in reality 
they are not. 

I alſo repreſent the head of the female Gnat, 
hg. Iv. magnified, which, in reſpect to the 
ſtructure of the horns, differs from the male's 
head aa extremely. Thoſe little parts of the 
head alſo, between and under which the ſheath 
of the ſting is extended, are much ſmaller in 
the female, and diſtinguiſhed with greater diffi- 
culty 6 6. The horns in this ſex are alſo divided 
as it were with twelve parts, and they are re- 
gularly covered with browniſh hairs and little 
feathers. The ſheath of the ſting c, and the 
other little parts are of the ſame ſtructure, and 
have the ſame integuments that I have before 
deſcribed in thoſe of the male. Laſtly, that 
nothing may be deficient, I likewiſe exhibit 
the female herſelf in her natural ſize, in 
fig. v. I have not yet accurately inveſtigated 
the internal parts of the Gnat, and therefore 
ſhall ſay nothing of them here. | 

I have occaſionally obſerved many diſtinct 
ſpecies of Gnats, but their principal difference 
conſiſts in this, that ſome of them have and 
others have not a ſting or trunk, and therefore 
ſcem to be harmleſs. They likewiſe differ 
conſiderably among themſelves in reſpe& to 
their magnitude, colours, and food ; the place 
wherein they live, and the manner wherein they 
are produced; and in ſeveral other particulars 

worthy 
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wort y attention. At preſent I ſhall ſay no- thoſe particulars, which I have bitherts ad- 
more of theſe inſeQs, being already too © vanced. I ſhall therefore conclude this trea- 
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wards the children of men: 


TNT a0 5 


ei the majeſty of the 
immortal God is in its nature inacceſſible 
to mortal eyes, his eternal power and divinity 
are moſt clearly and evidently ſeen in all created 
beings: ſome creatures, however, preſent the 
inviſible God to our contemplation more plainly 
than others, as will appear from the ſubſequent 
treatiſe. Since, therefore, the moſt wiſe and 
great God has been graciouſly pleaſed to bleſs 
and crown my indefatigable and aſſiduous la- 
bours with ſome degree of ſucceſs, I hope that 
his infinite power and immenſe wiſdom, as 
well as our own weakneſs, will be thereby 
made clearer than the light at noon ; ſo that 
whoever peruſes this treatiſe, may find matter 
enough of wonder, and be led to proclaim and 
admire the magnificence and wiſdom of God, 
and to bleſs his inexhauſtible bounty. If theſe 
pages, which only exhibit as it were the ſha- 
dows of things, and extremely defective deſ- 
criptions of the ſecrets works of God, that are 
impenetrable and impoſſible to be fully inveſti- 
gated, ſhould direct the reader to this true uſe of 
the reſearches, I ſhall think the pains I have 
taken, not only recompenſed, but alſo ſufficiently 
proſperous and bleſſed by the divine grace. 

If any one accurately conſiders the diſpoſi- 
tion and ſtructure of the ſmalleſt and largeſt 
animals, and compares them one with another, 
he will ſee that they agree not only in the 
above mentioned particulars but alſo in that 
they ſpring from like principles, which are eggs 
of their parents, as well in the ſmalleſt as in 
the largeſt animals: and as theſe eggs increaſe 
and are perfected, as it were from very ſmall 
and almoſt inviſible points, they, in the ſame 
manner, come to the full period of their in- 
creaſe in the ſmalleſt animals as in the largeſt. 
Nor is there any creature excepted from this 
univerſal law of its origin. Since man allo, 
the moſt noble of all creatures, and who is a 
rational animal, has his origin or beginning 


much Brigued with obſerving and deſcribing tiſe, and proceed to the hiſtory of d 
Weener WT Lad: 
HISTORY Of BEES: 
| Or an accurate deſcription of >, eb 

Their origin, generation, ſex, ceconomy, labours and uſe. 


O come hither, and behold the works of God : how wonderful he is in doing to- 


| Pſal. LXVI. 5. 
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from an egg, and therefore cannot, in ref 

to his firſt principle, prefer himſelf to the 
ſmalleſt inſets, or, with regard to his natural 
diſpoſition and ſtructure, aſſume to himſelf any 
ſuperior dignity, in preference to the moſt mean 
and contemptible creatures the Louſe or Mite. 
That this is moſt certain in regard to the human 
ſpecies, I have learned from experiment, in the 
year 1667, as did alſo the celebrated Van 


Home. This may be ſeen in my book inti- 


tled, the miracles of nature. Further, it de- 
ſerves notice, that as to the principles or rudi- 
ments of ſmaller as well as larger animals, the 
former are more conſpicuous, and more clearly 
diſcernible in their firſt ſtate than the latter. 
And further, ſince God hath preſcribed certain 
limits of magnitude to the ſmaller animals, be- 
— which they cannot increaſe, and which 
imits are probably ſituated in the peculiar ſtruc- 
ture, or from the weakneſs of the heart, by 
the power of which all the other parts muſt be 
extended againſt the gravity of the atmoſphere; 
the ſmall animals, therefore, while in embryo, 
may be much more perfect than the larger. 
To come nearer to my purpoſe ; as I pro- 
poſed in my book of inſects publiſhed in the 
year 1669, at ſome other time to treat ex- 
preſsly on the ſtructure of inſects, and in that 
work to give the particular hiſtory of Bees; 
ſaying, by way of anticipation, that the king, 
as commonly called, was a female, the drone 
a male, and that the common Bees belonged to 
neither ſex ; I ſhall, to keep my promiſe with 
the publick, now treat particularly of the ſtruc- 
ture, diſpoſition, and principles or rudiments of 
theſe three creatures, which are different in 


themſelves, but of the ſame ſpecies. I ſhall 


alſo occaſionally interſperſe ſome other obſerya- 
tions on-the parts of ſome other inſets, the 
whole conſtructions of which I ſhall, with the 
divine favour, at ſome other time deſcribe more 
at large. | 
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115 On che twenty-ſecoild- of Auguſt 1673, I - of the young Bees, they firſt put their honey 
opened a Bethive, after the Bees had ſwarmed, into them; but if thoſe in the combs in the 
J found ſome thouſands of common Bees in it, middle of the hive become mature befote the 


ſome hundred drones and one king. But as, 


properly ſpeaking, neither king nor drones are 
to be found in the bives, as has been already 
obſerved; and ſince it happened, through a very 
great and inexcuſable error, that thoſe wron 


therefore here in the beginning inform the 
reader, that through this whole treatiſe I 
call that pretended king by the name of the 
female Bee; and to that which is commonly 
called the drone, I ſhall give the title of the 
male Bee, and the common Bees, I ſhall, for 
diſtinction's fake, denominate working Bees: I 
ſhall alſo in the following pages, ſhew the very 
clear and evident reaſons which have induced 
me to make this innovation. | 

When TI had opened and deſtroyed a hive at 
the time above-mentioned, beſides the males, 
females and working Bees, I found therein three 
different ſpecies of cells, or little houſes of the 
inſects, which are called by the general name 
of honey-combs. In ſome hundreds of theſe 
cells the males were fed and grew, in ſome few, 
temales were generated ; and in the reſt, of 
which there were ſome thouſands, the common 
Bees were nouriſhed, brought up, and finally 
changed. The cells of the males and females 
were are this time empty, but the cells of 
the common Bees, though they ſeemed for the 
moſt part empty, were many of them really 
full and covered with wax. When I broke 
theſe cells open with a ſmall needle fixed on a 
skewer, I found ſome of the Worms of the 
Bees placed upright without any motion. In 
{ome other cells that were covered in the fame 
manner, there were Nymphs or Worms of 
Bees, which, by due accretion, had already 
acquired the form of Bees, and were to be let 
out from thence. In others I found honey. 
The reſt of the cells were open, and not covered 
or ſealed up; and ſome of them had eggs, 
others contained Worms very lately hatched 
out of their eggs, and provided on every fide 
of them with food : others again had larger 
Worms ; and finally, others were arrived at 
their full bigneſs. Theſe are called the offspring 
or ſtock, by the keepers of Bees in our coun- 
try, and they had yellow excrements under 
them. | 

In the middle between theſe eggs and the 
ſtock, were ſeen ſome little cells alſo ſealed up, 
which, when I opened, I found filled with 
honey; for the Bees never leave any place empty 
in their hive, but as ſoon as any Worm is 
changed into a Bee, they immediately fill its cell 
with ſomething elſe. Therefore, if the combs 
in the upper part of the hive are firſt emptied 


names were given to thoſe creatures, I would” 


* 


others, they firſt fill them * honey: and 
laſtly, when the combs of loweſt part of 


the hive- are emptied, they in the ſame manner 


fill them before the others with honey: but 
they afterwards carry the honey repoſited there 
to the” upper part of the hive. This Clutius 


obſeryed, but I have not yet ſeen it. The 


Bees proceed in this manner, when the 

is fruitful; in order to ſhorten the time, ſo as to 
enable them to gather the more honey, or 
when they are more numerous in the hive ; for 
then they immediately lay the hotiey as ' ſoon 
as there is room, and afterwards, when the 


time of making honey is paſt, they carry it 


elſewhere 90 


This hive, therefore, a9 a common and 


fraternal habitation, contained the rudiments 
and ſtock, the males and females, with their 
labouring ſervants, that is, the common Bees ; 
and laſtly, plenty of food. Therefore it was 
well provided and prepared to bear ſecurely, 
and, in a regular order, the inclemency of the 
approaching winter. The order under which 
the Bees that live in the winter months con- 
duct themſelves is this: they firſt open the 
cells and eat the honey depoſited in the loweſt 
part of the hive, aſcending by degrees up to 
the upper parts. This they do in order to 
preſerve a mutual , warmth between them ; 
and the female depoſits her eggs in the little 
cells as they are emptied. Therefore about 
the beginning of March I diſcovered the ſtock 
and the Nymph. Let no one be ſurpriſed at 
this, ſince towards the beginning of Auguſt I 
have ſeen ſome thouſand eggs encloſed in the 
ovary in the female's body ; ſo that it is natu- 
ral for the Bees at any time of the year to lay 
their eggs, and increaſe their family. Bees are 
not therefore confined to the time of ſwarming 
in regard to the buſineſs of generation ; indeed, 
they are always at this work, ſince they loſe 
ſome of their fellow-gitizens by the injuries 
of rain and winds, and other inconveniences 
and diſorders ; in the place of which they are 
obliged to ſubſtitute young ones by a con- 
tinued generation. 

Our keepers of Bees are wont to expreſs 
by the following proverb, how ſoon the young 


Bees are hatched, when they ſay, that the 


firſt Swallow and the firſt Bee give notice of 
each other . There are ſome, indeed, who 
think this ſhould be underſtood of the flying 
off of Bees, but this does not ſeem to be the 
proper ſignification of the proverb. 

We muſt obſerve here, that ſome of the 
cells in the hives are filled with a matter of 
various colours, which has been. gathered and 


* Among the wonders in the real ceco of Bees, nothing more deſerves our attention than the certain preſage they have 
of rain. It has been ſuppoſed they ſee clouds gathering for it, and know where they will fall, but their eyes are not made 
tor ſo remote objects It is certain they have ſame notice, and that it never deceives them. They haſten to the hive and 1555 

uity 


in before the molt ſudden ſhowers. One never ſecs a Bee in the rain, unleſs it be a lame or diſabled drone. In all probab 
they feel the temperature of the air which brings rain; and if we obſerve the amazing ſtructure of their pulmonary tubes, a2 
deſcribed by this author, there will appear no wonder that they feel very ſuddenly all changes in the atmoſphere. 
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laid together ad it were into ſtrata or beds, 
like Herrings, or other merchandize 
great art into @ barrel, which are by degrees 
ang at different times heaped. upon one ano- 
ther. This matter I found on examination 
was. granulated, und | taſted ſomewhat ſweet. 


and others open and only half full: others 
were ſcarce begun filling, and in others again 
began to decay. This ſubſtance is called by 
the Bee-keepers the bread or food of the Bees, 
wherewith they are ſaid to cure themſelves 
when they have a flux. But as credulity is 
often the parent of error, doubting about the 
truth of that received opinion, I have by vari- 
ous methods ſearched into and examined this 
ſubſtance z/ for it ſeemed to be rather the rudi- 
ment of wax. I have therefore firſt thrown 
it into water, in which it was quickly broken 
and diſperſed, but it always remained In grains: 
this likewiſe happened when I put it on my 
tongue. If it be put on a piece of thin glaſs, 
and placed on a red hot coal covered with 
aſhes, I have obſerved that by degrees it 
waſted, grew dry, hardened, and at laſt be- 
come black. Nor does it ever melt when 
thus placed on 2 fire; nay, if it be thrown 
naked into the 
candle, it never burns. From theſe experi- 
ments it ſeemed to me not as all to con- 
ſiſt of the matter of fat, for the ſake of ex- 
amining which T had begun them, eſpecially 
fince I obſerved, that it was very like that 
ſubſtance which the Bees conſtantly carry 
home, and is fixed on the fifth joint of their 
hinder legs, and which is taken for wax by 
all the Bee-keepers. Upon examining this 
matter which the Bees carry on their legs, I 
diſcovered that it is abſolutely the medicinal 
bread of the Bees. Hence it came to pals, 
that I could ſcarce perſuade myſelf that the 
Bees carry the wax perfect out of the fields 
without any previous preparation ; as I cannot 
be hitherto brought to believe any thing like it 
of honey, being rather of opinion that this is 
transformed into a better united and thicker 
liquid, by digeſtion in the ſtomach of the 
Bees: though it may, however, be poſſible 
that in the fruitful and hotter ſummers, the 
Bees may collect the honey as they find it 
prepared by nature in flowers into the cavity 
of their trunk: as the trunk is full of irregu- 
lar parts, and as it were ſet or planted with 
glandules; hence it follows that the honey 
may likewiſe ſuffer ſome change in it. As 
to the wax I do not doubt but it is pre- 
pared by the Bees. However this matter 
may be, when I afterwards laid theſe doubts 
ore the moſt intelligent Bee-keepers, they 
were all unanimouſly obliged to allow that 
no difference could be obſerved between 
the bread or food of Bees and the wax, 
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put with 


Someè of the cells containing it were ſealed up, 


re, or applied to a burning. 


collect vaſt quantities of it when they have no combs to make, and uſe it merely as food. 


161 
which the Bees had carried freſh into their 
biete d Een r | 

I therefore mixed this bread; as it is called, 


with honey, in order to ſee whether I could 


gather any thing from thence, but the event 


of the experiment taught me that I had laid 


too great ſtreſs on theory. In the beginning, 
indeed, when it is firſt mixed, it becomes a 
very clammy and glutinvus maſs ; and it runs 
more thin than the honey did before, and be- 
comes {till more ſoft'when' expoſed to the fire: 
but when it ſuſtains the force of the fire a 
little longer, it ſoon diſcovers its former na- 
ture. It likewiſe breaks in water, nor does 
it much recede from its former nature or diſ- 
poſition. / hs 


wes "# 
From that experiment I am inclined to be- 


lieve that this is the ſubſtance from which the 


Bees prepare their wax. But I think they do 
this buſineſs by the help of their ſaliva or of 
the execrated and di honey. And hence 
though what is commonly ſaid may probably 
be true, that Bees uſe this matter as a medi- 
cine ; yet I do not doubt but they gather it in 
the time of plenty, that when ſcarcity comes, 
or when wet and cloudy weather approaches, 
or when they cannot from any other cauſe fly 
out of the hives, they may take their time to 
perfect it. Any one may know. by an eaſy 
experiment whether this matter be ſo. The 
Bees therefore ſeem to behave with reſpect to 
this, in the ſame manner as they uſually do 
in regard to honey, of which they gather more 
than they have immediate occaſion for, that 
they may live thereon in the time of neceſſity. 
This abundant quantity amounts to ſometimes 
thirty, forty, fifty, or fixty pounds. Nay, 
their zeal and earneſtneſs to gather honey 
urges them ſo far, that they ſometimes throw 
their ſtock or young out of the hives and fill 
the emptied cells with honey : but I ſhould - 
think there is ſome other reaſon for this act, 
which yet remains to be conſidered and diſ- 
corel Ke 2 

I think that the Bees probably gather this 
matter in order to form and perfect it into 
wax in the times of ſcarcity, to cover up the 
little cells of the combs therewith, and to 


faſten it on the webs of the ſpinning Worms. 


This I ſhall afterwards explain more at large. 
I am likewiſe inclined to think that this mat- 
ter ſerves alſo to cloſe up the door or opening 
of the hive when winter approaches, or at 
leaſt to make it narrower by way of defence 
againſt the inclemency of the cold: unleſs one 
ſhould think it more probable that they ſepa- 
rate the matter they uſe for this purpoſe from 
the reſt of the wax, or gather this peculiar 
glue from beech and poplar trees; with which, 
as the Bee-keepers ſay, they afterwards not 
only make the door or opening narrower,. but 
alſo cover all the lower part of the hive itſelf, 


riety the name Bees-bread, Pain des Abeiles, to the farina or duſty ſubſtance lodged in | 
at they eat this, and that it is afterwards converted into wax in their ſtomachs, for they 
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and plank it, and make a tegular margin or 


border on the inſide &. The bread of the 
Bees appears therefore, in the opinion of the 
Bee-keepers; ta be ſomewhat different from 
the wax ; but in my opinion it is the very 
matter or ſubſtance of the wax itſelf, not yet 
prepared. In order to view and inveſtigate the 
ſtructure. of the Bee- bread, nothing is more 
proper than to make uſe of a microſcope; in 
the manner following: the Bee - bread is to he 
put into a glaſs full of clear water, and then 
ſhaken a little, in order to ſeparate it into a 
fine duſt; and when this does not ſucceed 
quick enough, it may be accelerated by break- 
ing it with a ſmall fine pencil. This duſt is 
afterwards to be put upon a very thin piece of 
glaſs, as near as poſſible to the flame of a 
lamp; then the glaſs is by a little ſtarch to 
be Radened to a ſmall piece of cork, which 
is afterwards to be fixed on the point of a 
needle and put under the microſcope. Thus 
it will be found that the Bee-bread confiſts 
only of fine globules of equal form and mag- 
nitude ; they have commonly three or four 
corners, but they are often alſo round: this 
angulated figure may” probably be owing to 
the ſolidity and compactneſs of thoſe little 


parts, which the Bees bring them into with 


their teeth: between theſe little parts are 
found ſome yet more minute ones. But 
though the particles of which that bread con- 
ſiſts are very fine and delicate, yet one may, 
not the leſs manifeſtly, perceive them upon 
the tongue; for when this Bee-bread is taſted 
or chewed, it feels like a fine ſand in the 
mouth, or as ſugar undiſſolved, or divided 
only into little grains or angular little cryſtals. 
Moreover, when that bread breaks to pieces in 
water, it never diſſolves; but the parts con- 
ſtantly retain their former figures, and are only 
ſeparated and- parted from each other. But 
whether theſe globules, when worked into 
wax, are ground, chewed or broken with the 
Bee's two teeth, and mixed with the faliva ; or 
whether they are mixed with the fat or poiſon- 
ous liquor of the Bee's ſting, in order for form- 
ing the wax, is a matter which ſtill remains 
to be inveſtigated. | 

It is wonderful that the fat both of men 
and beaſts alſo conſiſts of ſuch minute grains 
and particles, which when any perſon | 
mind to ſee them diſtinctly, he muſt manage 
and view it in the manner abovementioned. 
The fat cannot be ſeparated by water into 
ſmall parts, and therefore in order to break it 
ſufficiently, it muſt be ſhaken a little in ſpirit 
of wine: for thus it will very eaſily divide 
into minute globules. If it be afterwards put 
on the glaſs and examined in the manner be- 
forementioned, it makes a very agreeable 
appearance. | 


* Beſide wax and honey, the Bees collect a certain reſinous ſubſtance, which authors call Propolis. It is of a browniſh red 
ble refin. They uſe this to ſtop up holes or cracks in the hive, and to ſtrengthen 
weak places. It is not of the nature of wax, for it will diſſolve, in ſpirit of wine; and we are not certain from what ts, o 
it. The ancients were acquainted with this ſubſtance, but they ſay it was of 4 ſmell; 
with us it is aromatick. Probably the ſcent varies according to the plants whence it is obtained. 


colour, very clammy, and a perfect v 
parts of plants they 
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Notwithſtanding all theſe things, we ſome- 


This ange; wherewith we unite to⸗ 
gether ſuch fine and ſmall things, put on glafg 


that they may be afterwards, when dry, viewed: 
with a microſcope, I here mention for #g- 
other but becauſe it anſwers on many 


otcations : for a great ma things which 
could not be otherwiſe examined, are by this 
means very eaſily diſcovered, as will be made 


more evident in the following pages.. 
To return to the Bee-bread, we muſt ob- 
ſerve that many ſpecies of Mites ſeek after it; 
and thoſe in ſects are alſo fond of unmelted' far: 
This may probably be owing tothe many skins 
the fat is ſurrounded with'z which are con- 
ſumed in the melting, and which in the na- 
tural ſtate principally ſerve thoſe creatures as 
their food. One may ſometimes obſerve cer- 
tain globular particles in that wax, ' with which 
the little gells of the Bees are ſtopt, and as it 
were ſealed up: and by this new argument 
the opinion which I have before propoſed, 
that the Bee-bread is really of the ſubſtance 
and nature of wax, is confirmed. When wax 
has been for ſome time ſteeped in ſpirit of 
wine, it becomes very brittle, and ſeparates in- 
to little particles, which ſeem alſo to be ſome- 
what like the broken or divided bread of Bees; 
but that experiment ought to have been made 
with virgin wax, which I could not yet do, 
having been otherwiſe engaged. | 


times ſee that the Bees carry real and perfect 
wax into the hives. This is compoſed likowif 
of globules; but they are four times, ſix times, 
nay, often ten times larger than the grains of 
the Bee-bread : theſe globules are likewiſe of 
an irregular figure. The Bees, no doubt, 
ſeal this wax, and bite it with their teeth from 
the wax made by other Bees; and afterwards 
fix it on their hinder legs in order to carry it 
into their hives. Therefore theſe little lumps 
are agreeable to the meaſure and magnitude of 
their bite, or are proportioned to the quantity 
which the Bees can take off a cake of wax, 
when ſoftened by the ſummer heat. 

But if we attentively confider the experi- 
ments that have been — explained con- 
cerning the Bee-bread, and at the ſame time 
attend to its granular compoſition, it does not 
ſeem very probable that the Bees can live on 
it as their food in winter ; for the Bees can 
take into their bodies only a matter that is not 
thicker than the honey itſelf, ſince they have 
a very narrow and flender trunk. Therefore, 
the Bee-keepers always reject granulated ho- 
ney, or that which is cryſtalized or concreted 
into lumps, as unfit for feeding of Bees, nor 
do they ever give it to them to eat; but in 
winter time they fill ſplit elder ſticks with 
liquid honey, and draw them through from 
one fide of the hive to the other. If any 


perſon 


3 . 
F 
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ſon ſhould object that the Bees can bruiſe 
or grind this bread with their teeth, and after- 
wards ſwallow it; the anſwer is, that the 
| can do. the _=_ 2 ulated 
| My difficulty, dre, ſtill remains 

unſolved, unleſs _— ſhould imagine that 
the Bees grind or bruiſe the grains of this, bread 
in their jaws; and then, after mixing them with 
the ſaliva, or with freſh honey, by that help, 


trunk z ſince, beſides this, they have no other 
paſſage into the body for-this From 

theſe reaſons I am the more confirmed in this 

opinion, ſince the orifices of the trunk in 

Bees are ſo imperceptible, that they do not 

ſeem to me to be larger than the mouth of 
the meſeraic veins, or lacteals, that open in- 

to the inteſtines, and which will admit only 
very thin liquids, and ſuch as are purified to 

the higheſt degree. , 

We might further ask how this Bee-bread 

acquires its roundiſh figure? alſo, whether it 
be dew, or whether * effluvia of flowers 

and fruits, firſt reſolved into vapours and af- 

terwards condenſed in this form ? or, finally, 

whether it has its origin from any other con- 

creted fluid, reduced to a globular form by 

force of the incumbent atmoſphere ? we have 

not yet ſufficient experiments to determine 

theſe matters; for, as Bacon juſtly obſerves, 

we mult not feign or deviſe, but find out and 

diſcover what nature produces, and how ſhe 

operates. Something like this preſents itſelf 
to our view in nature, as may be obſerved 

particularly in gums; between the petals of 
the flowers of hops, there are alſo ſeen a great 

number of ſuch granules which are of a 

bitter taſte. _ 3 

My honoured father, the ſooner to have 

ripe grapes, brought ſome vine branches into 

a little ſhed, built in his garden for that pur- 
poſe, making openings in the windows to let 
them in. I obſerved that about theſe branches 
there was often an infinite number of white 
pellucid cryſtal-like globules, which were 
ſomewhat moiſt and clammy ; nor could I 
ever melt thoſe particles, or reſolve them into 
vapours, . there always remained ſome 
matter from them, which hardened in drying. 
This I mention particularly, that I may be 
able to explain with greater accuracy the na- 
ture of that peculiar mouldineſs to which the 
Bee-bread is ſubje& ; for though this mouldi- 
neſs appears to be compoſed of hairy, or fea- 
ther-like, or downy little parts, or, as the 
celebrated Dr. Hooke has delineated in his 
micrography, of a peculiar kind of minute 
plants, yet it really conſiſts of an accumula- 

tion of globules that are ſome bigger than 
others. This was firſt ſhown me at Delphos 
by the induſtrious Leuwenhoek, by the help 
of a microſcope conſtructed after the model 
of that invented by the honourable Mr. 
Hudde conſul at Amſterdam. And therefore 
as to this matter, I think that bodies when 
they contract mouldineſs, emit only effluvia 


# 
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and vapours, which are propelled forward 
force of the fermenting and heated — 
and which, being again condenſed by the 
colder atmoſphere, put on a globular figure, 
becauſe they are on every equally ſar- 
rounded by the incumbent air; and as whilſt 
ſome of theſe globules are following others; 
and continually propel each other higher into; 
or towards, the air; hence are produced thoſe 


attract and ſuck them through their narrow uneven, hairy, and oblong little parts. 


Ihe nature of wax ſhould have been more 
accurately "inveſtigated; in order to diſcover 
whether any fattiſh or inflammable matter be 
orginally mixed therewith, out of the body of 
the Bee, which may be caſily ſhewn from 
the ſtructure of the adjacent parts: for the 
ſecretions of the y are 'very wonderful ; 
here fat, there oil; in one place gall, in an- 
other inſipid humours; on one fide an 
aqueous or watry, and on the other, a clammy 
and glutinous ſubſtance ; in one place volatile 
falts of an ill taſte, and in another ſweet; 
aromatic, and oily volatile ſalts. Of this laſt 
fort is civet, wherewith if paper be daubed 
it bears writing on it; and by this teſt we 
molt certainly diſcover whether civet be ge- 
nuine, But theſe reſearches would take up 
great time and very great labour, for there 
is not on every occaſion a free admittance-to 
all the ſecrets of nature; and the incompre- 
henſible weakneſs of our ſtrength is confined 
in every ſtep within its ſtated limits and 
narrow bounds: ” 

I paſs now to the comb, or the cells and 
tubes of the Bees, which they form and 
conſtruct with wax, then fill with honey, 
and again cloſe up with wax ; hence the comb 
properly ſignifies wax formed into cells and 
filled with honey. I ſhall firſt treat of 
the cells of the working Bees, then of thoſe 
of the males, and laſtly, thoſe of the females. 
All the cells of the working Bees are hexa- 
gonal both above and below, but the angles 
of the upper part are equal among themſelves; 
that is, they are equally wide, were the 
lower part the angles are unequal ; for three 
of them, in that part, are ſunk deeper than 
than the other three ; the reaſon of which is, 
becauſe every cell, if it be a regular edifice, 
is built on the foundations of three other cells. 
Since therefore the foundation of the Bees 
cells tend obliquely downwards, like a triangle, 
therefore two angles make only one deſcend- 
ing oblique angle: and conſequently the 
internal baſe. of the cells conſtantly tends 
obliquely downwards; and is divided into three 
diſtin& parts, each of which anſwers to the 
two ſides of the hexagonal circumference of 


the cell. The three angles juſt mentioned: 


are commonly right angles; and when they 
are pierced with a needle, that is, if every 


angle of the foundation be perforated, ſo that 


each cell is pervious by three apertures or holes, 
then thoſe three apertures penetrate on the ather 
part into three diſtinct cells. It appears moſt 


evident from this palpable argument, that a 


cell 
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cell is founded always upon three other cells, 
and therefore has a common diviſion with 


them; for none of the cells is eircumſcribed 


any limits or partitions peculiar to it alone, 
Gee th things its! chain ditwoen the Bees 
as between brothers. If the edifice be irregular 
it ſometimes happens that one angle of a 
cell reſts, or is ſupported on a fourth cell: 
this does. not happen frequently, though I 
have lately obſerved it in a work that was 

retty regularly built. 

: The Wund of the cells is placed in the 
middle, and the cells on every ſide reſt on 
this foundation, which is commonly like a 
wall, perpendicularly extended from the up- 

r towards the lower parts; and then on each 
ſide againſt this kind of wall are placed cells 
lying obliquely on their fides. Suppoſe ſome 
empty ale or beer glaſſes to be piled upon each 
other againſt the ſide ofa thin wall, and you will 
in ſome meaſure underſtand the diſpoſition of 
theſe little cells: ſix, eight, or more ſuch 
walls, furniſhed with cells, are ſometimes 
found in one hive, and they are always placed 
at ſuch a diſtance from each other, as to 
aftord the Bees an eaſy paſſage between them. 
But, leſt theſe combs ſhould fall down when 
they are full of honey, the Bee-keepers fix 
little ſticks in the hives when they are empty, 
about which the Bees form their works of 
wax. | | 

All theſe cells, as well as their foundation, 
are formed of a continuous, but not conti- 
guous, matter, ſo that all things are continued, 
nor can the cells be ſeparated from each other 
by any artifice, but by breaking or cutting 
them, whatever ſome might have erroneouſly 
imagined, thinking that every Bee built its 
own reſpective cell. Of this matter we ſhall 
treat hereafter more at large in its proper place. 

If the whole edifice be regular, then five of 
theſe little cells make exactly an inch, and 
fifty-five an Holland foot. Hence a French 
gentleman obſerving this, and imagining that 


theſe cells were conſtantly built after the ſame 


rule, thought he had diſcovered an everlaſting 
meaſure, which as it could never be deſtroyed 
might be introduced among all nations. This 
invention would be certainly confirmed, and 
its importance proved, if theſe little cells were 
always ſo exactly conſtructed, and the combs 
in all nations were conſtantly of the ſame 
magnitude ; but with us the combs are not 
always ſo exactly regular as 1s commonly be- 
lieved, though if we view the cells only cur- 


ſorily, they do not ſeem to differ a hairs 


breadth in meaſure from each other. If any 
one compares them accurately one with ano- 
ther, he will ſometimes find them irregular ; 
eſpecially when they are made by the Bees in 
ſuch a manner, as to fit them only for receiv- 
ing the honey. The three parts of the 
foundation of the cells that tend obliquely 
downwards are uſually ſquare, but they are 
ſometimes oblong, and ſometimes of a rhom- 


boidal figure ; nay, I have obſerved that ſome 
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of them were longer or ſhorter than others; - 
and were alſo ſometimes narrower and fone. 


times broader. Nor does every little cell reſt 
conſtantly on three cells, but ſometimes on 
two and an half, and ſometimesn three, wy | 
a part of the fourth. Moredifer, theſe entire 
cells are ſometimes twice or thrice as long as 
uſual, and they are likewiſe ſometimes crooked 
or ſinuated, altogether like the cells of Hor- 
nets, which are commonly ſomewhat crooked; 
becauſe they are extended little beyond their 
foundation or center. Bees never build in this 
manner, unleſs when' very great plenty of 
honey offers to be gathered, for then I have 
ſeen cells full of honey, ſealed up and ſuſ- 
pended like large lumps of earth in the hive, 
In regard to the cells of the femgle Bees, 
erroneoully called the kings, and the parts 
where they are joined to others, conſiderable 
irregularities frequently occur ; though all of 
them viewed curſorily may ſeem alſo to 
very regular, 
We muſt further obſerve, that the Bees 
never build their cells ſeparately, that is, ſo as 
to perfect one before they begin another; they 
always enter upon building a great number of 
at one 
and the ſame time. In the beginning of the 
work, they lay that hollow triangular founda- 
tion which bends down obliquely, and termi- 
nates or gathers itſelf in acutely; then they 
conſtruct the lower and hexagonal or unequal 
ſides: ſo that in one and the ſame hive, may 
be ſeen at the ſame time, the beginning of the 
foundation, and the rudiments of the hexagonal 
diviſions of the cell on one ſide, and the ſame 
cell on the other ſide, raiſed higher on the 
ſame foundation, and other ſides again but juſt 
un and riſing. Moreover, in regard to this 
building of the cells, a very wonderful and ar- 
tificial direction or management of the Bees is 
to be mentioned. This they put in practice 
when the riſing hexagonal ſides of the cells 
are very thin and weak; and when they have 
a mind to leave ſuch cells imperfect for ſome 
time, which is the caſe when the female, in 
order to lay her eggs, goes to another part of 
the hive; as I ſhall explain more at large here- 
after. When this happens, the Bees firſt for- 
tify all the edges or borders of the hexagonal 
and imperfect ſides, leſt they ſhould be broke 
or bent in the mean time, which might eaſily 
happen by the frequent running of the Bees 
over them. They therefore furniſh the ſides 


of the imperfect cells with a margin or bor- 


der glued thereon in the upper part, and pre- 
pared of a thicker and more ſolid fort of wax, 
and they put this waxen border on the extreme 
circumference of the hexagonal ſides, ſo that, 
by this means, the hexagonal figure of the cells, 
which was beginning regularly to ſhew itſelf, 
is again in a manner obicured. They ſome- 
times alſo border the cells: that are finiſhed and 
perfected ; from which this further good ariſes, 
that when ſuch cell is to be afterwards cloſed 
up, there is no neceſſity for ſo much time or 

| Wax, 
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caution in r to their 1 cells, as 
FX any | cover the extreme edges 
or of the tender and broken ſides of 


a glaſs cup with ith ſealing wax, in order to 
fie n it and handle it with leſs danger. 
The cells of the males are one third leſs 
than thoſe of the common Bees, but they are 
made in the ſame manner; and they are 
commonly placed in the loweſt part of the 
comb; for they are built after all the other 
cells are finiſhed. ; ſometimes there are three 
hundred, four hundred, or even more of theſe 
in one hive, but aten fewer. The Bee-keepers 
- attribute the aller number of theſe cells to 
the dryneſs of the year, and the greater num- 
ber to of rain in the air: 


a ſign of a very wet 
fancies, ariſing from a notion, that the Bees, 


when the ſeaſons are dry, are intent only on 
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ce they 
ſay that a great number of males in a hive is 
year. But theſe are Mere 


\ 
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Tab. XXIII. exhibits a regular hive of com- 
mon Bees, as it preſents its hexagonal and 
regular ſections to the eye, hen viewed in 
the upper ſide; nor could it be poſſible to de- 
ligeate theſe ſections, without the affiſtance 
of ſome new-invented lings; which being al- 


lowed, it is then eaſy to deſcribe the ſections, 


for which reaſon I here delineate ſome of 


theſe lines. The ſecond figure under the letter 
4 exhibits three ſingle cells of the common 


Bees, broken from the reſt of the comb, with 
their triangular baſis running down obliquely. 
The letter 5 repreſents one cell only, entirely 
ſeparated from all the reſt; in this, beſides 
the obliquely deſcending triangular founda- 
tion c, are likewiſe ſeen under the letters 4 d 

two unequal or uneven parts or productions 
of the hexagonal ſides. Now if you ſuppoſe 
this cell & placed on the cells 4 it will follow 
that its three oblique angles agree with the 
three angles of theſe cells, and are ſupported 


gathering honey; and, on the contrary, in by them. The third figure ſhews a little cell cut 


wet ſeaſons, mind princi 


though thoſe 


neſs of their generation, nor 
what ſort of a creature the breeding Bee is, 
for they call it the male. I would not have 
it underſtood here, that the number of the 
cells which I exhibit is abſolute and exact, 
for I have made the calculation in general 
from their numbers; nor have I even, very 
accurately, counted them all. 
There are ſometimes thirty female cells 
found in one hive fe are perfect, but a great 


many unfiniſhed; their ſtructure is not regular, ſame is likewiſe delineated under the letter g 


are for the moſt part oblong, and 


but th 
. and ſomewhat pear - ſnaped: ſome- 
times they are conſiderably fraighter, and havea 
leſs ſwelling than a pear, but others again are 
ſomewhat more globular, Their external ſur- 
face is unequal, rough, and marked or diſtin- 
guiſhed by little holes and exuberant promi- 


- nences, and is conformed only to the figure 
e cells of the 
common Bees has a very ſmooth and poliſhed 


of the comb. The infide of 


| ſurface ; but theſe differ again from them in 


that they form a cavity like that of a bottle or 


a ſcooped pear ; from this ſhape, they are very 
capacious, -and ſur 
the common, and thoſe, of the male Bees. 
The females therefore have a much larger 


_ ſpace than the other Bees, to turn themſelves 


more freely in their cells; the reaſon of this 


difference I ſhall explain in its proper place. 
The cells of theſe females are uſually, nay, 
almoſt always ſituated near the borders and 
prominent ex! 


theſe 
and therefore the laws of making them were 
not impreſſed on theſe little creatures without 
deſign, by the moſt _ wiſe Creator. I ſhall 
now endeavour to illuſtrate with figures what 
I have hitherto related. The firſt figure, 


pally generation, but 
perſons have kept Bees fifty 
years, they underſtand nothing of the buſi- 
o they know 


paſs in bigneſs the cells of 


| ities and edges of the hive, 
and are ſeldom found placed in the center or 
in the middle between the other cells; all 

icularities tend to certain uſeful ends, 


through the middle, in which may be ſeen the 
triangular foundation and the fix ſides; one of 
them is formed out of the oblique angles, as 
appears at the letters 4 6. Moreover, fig. Iv. 


 ſhews fifteen little cells, cut on each fide, be- 


tween which a part of the triangular founda- 


tion, which runsobliquely, is plainly ſeenin each 


cell. It is here alſo evident in what manner 
theſe cells 24 are built upon the ſame founda- 
tion d whereon the cells of the other fide reſt c. 


Again, the letter ꝗ very exactly repreſents the 


the triangular foundation, which runs in 
obliquely, as it really is ſeen in nature. The 


between the cells of each ſide, bat it is here 


- 


divided by a ſection which paſſes through the 
two angles. 


The letters ff ff exhibit two 
long ſides of the cells; but the letters eve e 


the two ſhorter ſides. For every cell, as I have 
obſerved before, has in its lower 1 three 


longer and three ſhorter diverging ſides, which 


in the upper part are of an equal length. 


The fifth figure which follows next, repreſents 
ſome cells of the males, which are a third part 


larger than thoſe of the common Bees, In 


order to render this difference the more con- 
ſpicuous, I have delineated them ſomewhat 
larger than they really are. Between each of 
theſe cells is ſeen that triangular obliquely di- 
verging baſis, each of whoſe angles agrees with 
the deſcending fides of the cell. But I have 
not delineated the cells that are huilt on one 


fide of this baſis, becauſe it did not ſeem ne- 


ceſſary. To the upper part, of theſe cells is 
obſeryed to adhere a pear-ſhaped lodgement of 
the nature of a cell: this is deſigned. for the 
females. It is irregular in the upper part, and 

is adorned as it were with d — 75 or little 
holes, here and there impreſſed on the wax. 

If the cells kitherto' deſcribed have becn 
lately finiſhed, and have not yet any honey, or 
Bee-bread, or eggs, or Worms, or riper iflue 


in them, in that caſe their ſubſtance is genuine 
virgin wax, which has no foulneſs among i, 
F008 


U u : * 


is fold in che ſhops by the title cl 
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and may be all melted. On the , the 
wax that is whitened by — and which 
| virgin wax, 
has nothing but the name, fince it loſes a great 
part of its ſtrength by being adulterated with 
powdered talc, and b in the ſun. 
I he honey likewiſe which is collected pure 
in theſe virgin cells, and flows again out of 
them ſpontaneouſly and without preſſute, is 
pure virgin honey, better and more perfect 
than any other honey whatſoever. 

It is ſeldom obſerved, as the Bee-keepers 
ſay, that the cell of a female is joined to the 
cells of the males: but experience has taught 
me the contrary of this, having in my poſſeſ- 
ſion at this time a ſpecimen, in which the cell 
of a female is built adjoining to thoſe of the 
males. As many others, ſo this error had its 
origin from that imagined regal dignity, which 
they have wrongly aſcribed to the female ; for 
from this the notion was eſtabliſhed, that the 
favour of coming ſo near to the king was too 
great to be granted to the drone. But the ac- 
ceſs of the drone to the queen is fo neceſſary, 
that ſhe cannot be impregnated unleſs ſhe be 
firſt familiar with, and aſſiſted by the ſperma- 
tic virtue of the drone, who is the true and 
only male. * 

All the families of the tripple kind of Bees 
would therefore periſh, unleſs there were this 
intercourſe: ſince what is erroneouſly called 
the drone is the real male Bee, and therefore 
does not claim to himſelf a lower place in the 
hive than the queen herſelf the female parent. 
To this may be added, that the drone is more 
tractable and mild in its conduct and diſpoſi- 
tion than the two other kinds of Bees, for it 
employs its whole time in the labour of love 
and proceſs of generation; nor is it armed with 
a ſting as the others, nor to be dreaded for its 
miſchievous qualities. 

To conclude, how do the Bees make theſe 
cells? and by what art do they build them in 
ſo ſtupendous a manner, ſo regularly, that they 
cannot be ſimply or plainly delineated but with 
great labour, and by the intervention of ſome 
new ſpecies of lines, and not even then with- 
out committing great errors? He ſurely who 
{ces all things, and promotes the generation of 
the wild herds; He, and He only knows this. 
I ſhould think this matter may be probably in- 
veſtigated and brought to light, if any one 
would labour at it with the needful diligence 
and attention: nay, I am confident, that I my- 
ſelf could ſucceed in the inquiry, if T had an 
opportunity of feeding the Bees for ſix months, 
a enjoying the peaceful bleſſing of a country 
ife. 
myſelf now as 8 thereof as all others. 
However, I firmly believe, that the Bees make 
uſe chiefly of their teeth for this buſineſs: 
hence the common Bees which alone build all 
the cells of the hive, have much larger teeth than 
either the ſemales or the males; nay, the males 
have ſtill ſmaller teeth than the females, and 

probably the males have them for no other pur- 


However this matter may be, I confeſs 


* 


1 . 
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| poſes, but to bite open their little cells v hen they 


are come to full maturi 


therein, or to 
thoſe filled with honey when they want to eat. 
Whether the of the Bees, between the 
claws of which a ſingular kind of foft matter 
is produced in knobs, contribute in any mea- 
ſure to and elaborate the wax, I am 
likewiſe hitherto at a loſs to diſcover. ' Vet 1 
ſcarce doubt, but that humour which paſſes 
through the ſting of the Bees alſo conduces 
ſomewhat to prepare the wax, and fit it for 
building the cells. It would be worth while 
to examine all theſe points more accurately. It 
is very wonderful to ſee how inſtantaneouſly 
the Bees, when they are offended, emit all their 
poiſon through their ſting. This poiſon may 
be ſeen at the end of the ſting, and is like a 
little drop. of cryſtal. But if this little drop, 
while till adhering to the extremity of the 
ſing, be ſuffered to grow dry, it then remains 
pellucid and concretes, and is like the boiled 
cryſtaline lens of a fiſh's eye; it is therefore 
very eaſily condenſed by the circumambient 
air. | 1 
Since I am treating of the wonderful induſtry 
of this little creature, which, however, is not 
more remarkable than that which all other in- 
ſects ſhew, according to their reſpective diſpo- 
ſitions, I cannot help here mentioning, to the 
glory of the great Architect and Artiſt, he won- 
derful works of a certain inſect, the external 
form of which has been very clearly deſcribed 
by Goedaert in the firſt part of his Nat. Meta- 
mor. Exper. x. This inſe& is the nocturnal 
Butterfly or Moth, which glues its eggs fo 
ſtrongly and firmly in the form of a circle to 
the branches of trees, that they make an im- 
preſſion upon the bark, and often prevent the 
increaſe of the branches. What occurs here 
very extraordinary is, that the eggs of this in- 
ſe& are formed in the ſame manner as thoſe 
hewn ſtones, which are adapted to build the 
arches and roofs of houſes, and have one ſide 


narrow and the other broad, that they may 


be the more exactly joined together, and con- 
ſtitute one firm arched form. They may like- 
wiſe be compared to the lines of a circle drawn 
from the center to the circumference, which 
are the nearer to each other the more they 
approach to the center, and diverge towards the 
circumference. In this manner has the ſupreme 
Architect, the Almighty, formed theſe eggs, 
which are artificially and in a ſpiral - curyature 
ſo ſtrongly glued together, and affixed to the 
tender branches of trees, by this inſet, who 
for that purpoſe walks many times about the 
branches, that they cannot be looſened by rain, 
or any other liquid that I have yet applied. 
Out of theſe eggs, which, according to the ac- 
cuſtomed order of nature, by which the egg 
of the Butterfly is only a Worm incloſed in 
its ſhell or caſe, ſhould have produced Worms 
or Catterpillars, I have ſeen Flies wonder- 
fully ſmall, immediately iſſuing in their perfect 
ſtate. This obſervation ſeems to me to be the 


moſt extraordinary of all in this part of ”_ 
| | n 


* 


aſſiſtance of God, at ſome time write 
a particular treatiſe thereon. I have here giver 
the hiſtory of this ring of eggs, becauſe it wi 
be hereafter made uſe of in its , 1. place, 
and produced for the fake of illuſtration» =» 
| I: ſhould never conclude this part of the 
work, if IL attempted to exhibit the deſcrip- 
tion, induſtry and art of theſe creatures, or to 
ive but a rude delineation thereof. I cannot 
help mentioning here, the fingular skill and ad- 
dreſs, not indeed of an inſect, but of a . 
ferqus animal, that is, of a young houſe Dog 
which I keep. This creature is afflicted with 
a running. ulces or fiſtula, Which is ſituated fo 
high at the lower part of the eye, that his 
tongue cannot reach thither to lick it. There- 
fore this creature follows a remedy happily in- 
vented and diſcovered, as it were, by reaſon, 
and applies it to this evil; it firſt wets its foot 
with its ſpittle, and then rubs the moiſture with 
wonderful dexterity over the ulcer, endeavour- 
ing to cure it in this manner: nay, when the 
mouth or orifice of the fiſtula has at any time 
cloſed, the creature rubs it ſo long with its 
foot, that the ſurface becomes very red like 
blood. Es, C2vT: SW i 
To return to the Bees. 
beginning of Auguſt inflamed with ſo much 
hatred againſt the males, that they unmerci- 
fully and for no crime kill them : whereas, at 
the end of May, and ſometimes ſooner, they 
build houſes for them, carefully nouriſh them, 
bring them there, and take all poſſible care of 
them. TI ſhall afterwards endeavour to explain, 
in its proper place, the reaſon of their changing 
this love into hatred ; fince I have reſolved to 
compoſe this hiſtory to the glory of God alone, 
without any other view. „ 
Before I proceed further in this reſearch, I 
ſhall deſcribe the male, female, and common 
Bees together, and compare them one with 
another as to their external parts, beginning 
with the common Bees, which are moſt eaſy 
and familiar to be known, and which have 
been at one time or other ſeen and handled by 
every perſon. In the common Bees as well as, 
in all the other kinds, we are principally to ob- 
ſerve the twelve diviſions or rings of their body; 
five of them are placed about the head and 
thorax, and that ſlender and delicate part which 
connects the belly with the thorax, and the 
other ſeven in the bode. 
The head of the common Bee is oblong, 
ſome what rounded above and ſharp below. 
The head of the male is throughout of a round- 
ed form, and that of the female Bee is oblong. 
The eyes in the head of the common Bees 
are of an oval or lunated figure. They are of 
the ſame form in the males alſo, but they are 
two thirds larger than thoſe of the common 


is ſomething like this in the Ephemerus or 


hiſtory ; and thereſoret I hope I ſhall, with 


1-5 49699: » 
They are about the 


Bees: this deferves to be well regarded. There 


Day-Fly; the eyes of the female Bees are ſome- 
what larger alſo than thoſe of the common 
Bees. The eyes of theſe three ſpecies of Bees 


be NES TOR Y o INSECTS 167 


are covered or ſurrounded. with briſtly hairs, 
and are ſeparated from each other by a num- 
ber of the like hairs. Theſe hairs are twice, 
nay thrice as long as the diameter of the little 
ſpheres into which the eyes are divided. The 

e thing is likewiſe. obſerved in other inſects. 
In the upper part of the head ſomewhat higher 
than where the hairs juſt now mentioned are 
ſituated, we like wiſe | OM many ſmall fea- 
ther-like hai in the common Bees, and nearly 
in the ſame part alſo, three peculiar little eyes. 
Theſe: feather- like hairs are not found in the 
males, for their eyes are extended fo far in that 
part that they touch each other. And this is 


alſo the reaſon, that three of their eyes in par- 


ticular are ſituated much lower than they. are 
in the common Bees, and juſt above the horns. 
The female agrees with the common or working 
Bees in theſe particulars, that her eyes are ſe- 
parated in the ſame manner from each other, 


and there are three peculiar little eyes likewiſe 


placed in her head in the ſame manner. 
All Bees have two horns or antennæ. Thoſe 
in the working Bees have only five joints, but 
thoſe of the males have eleven, and thoſe of 
the females the fame number. The firſt joint, 
where the horns riſe from the head, is oblong 
in the common Bees, but in the males it is 
ſomewhat ſhorter, and it is again ſomewhat 
longer in the females. In the common Bees 


there is a ſmall quantity of ſhort hair, under 


the horns, but the hair under the horns of the 


males is more in quantity, longer and 8 ; 
e 


in the females again it is obſerved to be 1 
that of the common Bees. F 
Above the teeth in the common Bees is ſeen 
a remarkable kind of horny or bony lip, which 
is not ſo obvious in the males; but it is found 
in the females in the ſame manner as it is in the 
working Bees. e Dig, 
The common Bees have two long teeth, the 
males have very ſhort and ſmall ones; thoſe of 
the females are ſomewhat larger than thoſe of 
the male Bees, ſo that they hold as it were the 
male he. | | 
The proboſcis is very long in the common 
Bees; in the males it is ſhorter. by one half. 
I have hitherto miſſed the opportunities of ex- 
amining it in the female. 


„ e en e n an the kinds uf 


Bees, and in the upper ſide of the hinder part 


it is provided with a ſomewhat prominent bor- 


der or margin. In the common Bees this tho- 
rax is covered with thin feather-like hairs : in 
the males theſe hairs are more cloſe ſet toge- 


ther, and thicker, but not quite as long; th 


e 
are alſo of a more gray colour than in th 
common Bees and females. The females have 
a leſs number of theſe hairs than either.. 
All the kinds of. Bees have; four wings. 
Theſe are longer and broader in the male than 


in the common Bees; but in the females, 


though the ' wings be longer, and probably 
longer than even thoſe of the common Bees, 
yet they ſeem ſhorter, becauſe the lower part 


of the female's body is vaſtly larger and longer 


than 
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than either of the others, in order to give room 
Each of the three kinds of Bees makes a 
noiſe by the motion of its wings, which is in- 
out of 
the air tubes at the ſame 


their bodies th 


time; for ſome of theſe pipes open with wide 


rtures under the wings. Certain cavities 

o, fit for receiving and vibrating the air, and 
formed under and between the wings, contri- 
bate to this. Nor muſt. the ſhoulder-blades 
be excluded from their ſhare in this muſick, 
they being placed juſt above the wings, joined 
to the thorax, and having under their breadth 
the gaping orifices of ſeveral air-pipes. It is 
thus the motion of the wings, with the affiſt- 
ance of all theſe parts, and by the force of the 


All Bees are provided with fix legs, each of 
which conſiſts of nine joints ; the thigh Has 
three of theſe, the leg two, and the feet four. 
In the common Bees the hinder legs are broader 
than the fore ones; but this difference is not ſo 
remarkable in the males or females. On the 
fifth and broadeſt joint of the hinder legs, 
which is the firſt joint beyond the thigh, the 
common Bees on each fide carry wax, or the 
Bee-bread, collecting it into a heap at the out- 
moſt ſide of the leg, for there the leg is not 
ſo hairy as on the inner ſide. In that part alſo 
the lower, and near the next joint of the leg, are 
placed ſome briſtlyand almoſt horny hairs which 
areneither found in the males, nor are fo diſtinct- 
ly viſible in the females. The third or laſt 
Joint of the leg is longer than the two former, 
but the two next joints are ſmooth and ſome- 
what broad, and thoſe are cloſely covered on 
the inſide with fine feather-hke hairs. The 
leaſt of the four joints of the legs is alfo ſome- 
what broader than the three and in 
this part are inſerted ſtrong muſcles, deſigned 
for moving the claws of the feet. 

The feet are armed with two larger and two 
ſomewhat ſmaller claws ; but the ſmaller are as 
it were jointed or articulated into the larger. 

Between. the claws of every foot 1s ſeen a 
very ſoft matter, of a membranous texture, 
from which, when . wounded, there flows a 
clear liquor. The Bees in walking can at 
pleaſure turn out this tender part of the foot, 
and therefore I ſhould think, that having drawn 
back the - claws of their feet, like Cats when 
they are playing, they are able in this manner 
to run over their young brood, or over the new 
=" wax, without doing the leaſt hurt to 
Either. £29 1 e f "OB? 

The four hinder legs are placed at the lower 
and hinder part of the thorax, the two others 
are hxed to the fore part. And this is the rea- 
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common or working Bees. 
The colour of the common Bee | 
to an obſcure yellow ; the males are hat 
grayer, and the body of the females is more 
of a gold colour. [ | 
The parts of the Bees hitherto mentioned 
are almoſt all hairy or ſhaggy, and when they 
are viewed with a microſcope, - we obſerve that 
thoſe hairs are in reality very beautiful feathers, 
as is ſhewn in Tab. XVII. fig. vii. This ſhall 
be explained afterwards more at large. | 
The common Bees may be conſidered as na- 
tural eunuchs as it were, belonging to neither 
ſex; though, however, with reſpect to their 
ſtructure and diſpoſition, they approach nearer 
to the female than to the male ſex. The 
males have very conſpicuous and large genital 
organs. The females have an ovary, and in 
it an infinite number of eggs, as I ſhall deſcribe 
in its place. But the common Bees are not 
furniſhed with either maſculine or feminine ge- 
nital parts. | 
As to the internal parts of the Bees, the 


three ſpecies have ſome common to each of 


them, and others peculiar to each. The in- 
ternal parts common to all, are in the head, 
the brain conſiſting of the cerebrum and cere- 
bellum; the beginning and globular dilations of 
the ſpinal marrow, which thence pervades the 
whole body from one extreme to the other; 
and laſtly, the nerves iſſuing as well out of the 
ſubſtance of the marrow, as from its dilated 
little knots; all which I have deſcribed and 
delineated in the diſſection of the male Bee. 
The internal ſtructure of the eye is alſo in ge- 
neral the ſame in the three kinds; the tunica 
uvea, the inverted pear-ſhaped fibres, and the 


cortical ſubſtance which performs the office 


of an optic nerve, are very little different in 


* The beſt way of viewing che, Bbg of the Bee by the microſcope, is to hold the creature faſt by the thorax with a pair of 
Enippers, and it will thus thruſt out the ſling, often, in its fury. This ſhould be cut off with a fine pair of ſciſſors, and it may 
80 


thus be preſetved entire between two li ifinglaſs. 


Another way is, to make the Bee ſting a thick leather glove. This will be eaſily obtained, by catching one with ſuch a 


gow upon the hand. The Bee -will ſtrike with its ſtin 
ng in the glove, which may be picked out and viewed, 


it muſt be immediately frighted off. By this means it leaves its 


either , 


either. This I have likewiſe exhibited in the 
figures of the male Bec. In feſpect to the 
muſcles and nerves of the proboſcis and 
jaws there is no difference. In the thorax each 
of the three kinds ſhe ws the e of = 
wings and legs, as alſo: many pulmonary tu 
and ſome 3 of this is likewiſe found 
in the head. In the body is ſeen the continu- 
ation of the gullet, which deſcends thither from 
the mouth through the thorax: we may like- 
wiſe perceive there the ſtomach, the ſmall and 
great guts, and ſome valves; we diſtinguith alſo 
fix peculiar placed between the inteſ- 
tines, as I have deſcribed in figures in the com- 
mon Bee. The lungs are alſo very particularly 
ſeen in the body, as are alſo their dilated blad- 
ders and branching pulmonary tubes; all which 
I have likewiſe delineated in the common Bee, 
The heart, together with its dilations and the 
pulmonary tubes which run all over its ſurface, 
is in great alſo placed in the abdomen, 
though it may in part likewiſe be ſeen in the 
breaſt and neck, as I have delineated in the 
female. In fine, a great quantity of fat is alſo 
found there, and we perceiye ſome membranes 
and muſcular fibres ſituated under the rings of 
the abdomen, and defigned for moving thoſe 
parts; as alſo ſome ſmall pulmonary tubes 
which paſs through thoſe parts. I have re- 
preſented all theſe in the female Bee, and they 
are common alſo to all the three kinds. | 
The internal ** peculiar to each kind, are, 
firſt, the genital organs of the male; that is, 


parts, the penis, the teſticles, the vaſa deferen- 
tia, and their dilatations, the ſeminal veſicles, 
a peculiar ſmall part that is cut into five divi- 
fions a pear-ſhaped little part, and two ” 
pendages which terminate in a point, In 
female are likewiſe ſeen the parts that ſerve for 
generation; the ovary, the oviducts with their 
diviſions, the eggs, the pulmonary tubes appro- 
priated to them, the two trunks of the womb, 
through which the eggs are conveyed, the neck 
of the womb, and the bag containing a glutinous 
matter. | 

The following parts are peculiar in the com- 
mon Bee; the ſting and its poiſonous bag, with 
its tubes iſſuing as well out of the fore as hinder 
part thereof; the caſe of the ſting, and alſo its 
ſupports, cartilages and muſcles, none of which 
parts are found in the male. 

By this general and particular compariſon of 
the three kinds of Bees with each other, it is 
ſcen that the common working Bees approach 
nearer to the nature and diſpoſition of the 
females than of the males; ſince the external 
and internal parts in general, as will be made 
plain hereafter, agree in both : excepting only 
that the common Bees have no ovary, and 
therefore, like women who have lived virgins 
till they are paſt child-bearing, ſerve only the 
purpoſe of labour in the oeconomy of the 
whole body. Theſe are thus by nature ren- 
dered incapable of doing any other buſineſs 
but that of nouriſhing and educating the young 
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the internal horny little bone belonging to thoſe 
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offspring, building the little cells for the Worms 
of the females progeny, and providing food 
for themſelves and theſe their brethren, that 
they may have wherewithal to live in the win- 
ter ſeaſon, and at all times in rainy and ſtorm 

weather, The female, on the contrary, and 
the males do nothing of all this; for the fe- 
male lives in the hive for no other purpoſe, 
but to depoſit, as occaſion offers, her eggs i 
the cells; and it is the buſineſs of the males 
to impregnate thoſe eggs before they are caſt 
out, whilſt they {till lie in the ovary of the 
female: this they do during one whole year, 
that is in the time between the two ſwarms, 

For theſe reaſons the common labouring 
Bees maintain the males and females with 
plenty of honey. . But as ſoon as this ſeaſon of 
23 is over, and the males having per- 

ormed their duty, the labouring Bees kill 
them as being entitely uſeleſs and unable to 
do any more good, though they might have 
lived longer. I could with indeed that I had 
an opportunity of inveſtigating this matter 
more exactly, and trying 2 2 or not 1 
could keep a whole hive, containing only 
males and one female for an entire year. This 
is indeed much to be doubted, for experience 
ſhews that many Bees die ſpontaneouſly, and 
without any violence, about the time of this 
univerſal ſlaughter. Sometimes when the fe- 
male is unfruitful, or of a bad conſtitution, or 
when there is too ſmall a number of Bees, or 
there are two females in the hive, the Bee- 
keepers ſay that the males are ſometimes found 
to live till the winter is far advanced : but they 
never continue to the beginning of ſpring; 
which, whether it is to be attributed to the 
natural ſhortneſs of their life, or whether they 
are then deſtroyed by the other Bees, is not 
hitherto ſufficiently known. 

From one female, which is the only one of 
that ſex in the whole hive, are produced all 
the three kinds of Bees, in nearly the following 
proportion, ten, twelve or fourteen females, 
ſome thouſands of the labouring Bees, and 
laſtly ſome hundred males: more or fewer 
are occaſionally found in the hives of each 
kind. I have deſcribed another ſpecies of in- 
ſects in my general hiſtory of the inſect tribe: 
the males of which is winged, but the female 


has no wings; which is alſo a wonderful kind 


of wedlock. The omnipotent God has been 
pleaſed to join ſeveral males to one female in 
this family of the Bees; whereas on the con- 
trary among domeſtick fowls, and in many 
other inſtances, one male is ſufficient for a 
great many females. This is likewiſe the caſe 
in many of the inſe& kind; that is, that one 
male ſhould impregnate many females. This 
is obſerved with reſpe& to the males of Silk- 
worms, But the female among the Bees is 
impregnated in a peculiar manner, merely by 
odoriferous effluvia. | 
Six days after the time of ſwarming, the 
young female Bee newly got out of her cell, 
'X FA | depoſites 


in 
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depoſites her eggs in the new-built cells of 
the combs :. the labouring Bees which attend 
the female during the ſwarming, begin imme- 
diately at the very time when the have is pre- 
ſented to them, or as ſoon as they have choſen 
a convenient place for themſelves for, they 
have no guide or director, to make their 
combs ; and the female doing her office as 
haſtily, the freſh combs are in a very ſhort 
time filled with her eggs : the female drops 
one egg into each cell; and what deſerves 
great attention is, the female is ſo expeditious 
in this work, that ſhe does not regard whether 
the cells be only juſt begun or perfected, or 
whether they have been built ſome time. It 
is enough for her the obliquely deverging tri- 
angular foundation be laid ; there ſhe imme- 
diately drops in her eggs, and the labouring 
Bees, which, for this purpoſe continually at- 
tend the female at that time wherever ſhe goes, 
ziterwards further perfect the unfiniſhed cells. 
To execute this work, they are ſtimulated with 
an extraordinary ſolicitude, love and induſtry, 
impreſſed on them by the ſupreme Creator 
towards thoſe tender eggs, which are to afford 
the offspring of the Bees, as towards their na- 
tural brethren. We muſt particularly obſerve, 
that the earneſtneſs where with they undertake 
the care of bringing them up, is not extin- 
guiſhed in them; though the female be taken 
from among them, as I ſhall explain in another 
place, where I ſhall alſo demonſtrate that the 
whole ſociety of Bees regard not any thing 
elſe but only propagation and rearing of their 
young; nor is there any other government 


whatſoever, nor any election, or any politic 


or œconomical diſcipline or order among 
them. The moſt wiſe, and all and every 
where adorable God, has implanted ſuch in- 
genuity and wiſdom in theſe inſets, that they 
can bring up their iſſue and prepare habita- 
tions for them, which the ſame moſt power- 
ful Creator has not been pleaſed to give to 
other creatures; whereof, among the reſt, the 
Silkworms may be an inſtance; and it may be 
evidently proved that the cohabitation of Bees 
has no other end but to perpetuate their ſpecies; 
and thus, by the help of an exact order of 
production, to perpetuate their continuance. 
From theſe conſiderations it therefore fol- 
lows, that among Bees there 1s no wiſer re- 
gulation than among domeſtic fowls; for 
they have their natural deſire to fit; they 
make neſts, and nouriſh their young, being 
compelled thereto by ſuch laws as they cannot 
avoid nor ſuppreſs by any rational principle; 
becauſe they are impreſſed on them by the 
eternal law of natures. Theſe little inſets are 
under as great neceſſity to perform all theſe 
actions, as the winter 1s to follow the ſummer. 
The only difference among the ſeveral kinds 
is, that ſome execute theſe functions in a 
manner more convenient, more orderly, and 
more agreeable to reaſon than others. This 
appears chiefly in the Bees, and hence there 
is no authority for the prevalent and common 
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opinion that the government of Bees is carried 
on with the ſcepter of prudence and judgment, 
under law, and with rewards and puhiſhments ; 
for in truth all that order which we ſo much, 
and not without reaſon admire, is impelled by 
nature, and is only deſigned for the propa- 
gation of their ſpecies. But we muſt not for 
this reaſon deny, that the Bees in performing 
their work, diſcover and exert the appearances 
of wiſdom and the moſt prudent counſel; 
for the ſacred. writings teach us, that God 
has deprived thoſe creatures of reaſon, to 
whom he has not thought proper to commit 
the care of nouriſhing their young. This 
office is not granted to the Bees only, but is 

iven to the Hornets, Waſps, to humble 
1 and to Ants; which, as well as all other 
inſets, would doubtleſs have periſhed as ſoon 
as they had laid their eggs, unleſs they had 
the care of educating their ſtock committed 
to them: for which reaſon it is neceſſary they 
ſhould live ſomewhat longer. 

Behold ! God ſhews himſelf ſo ſtupendous 
in theſe ſmall creatures, that I ſhould almoſt 
preſume to affirm that the ineffable miracles 
of God are ſealed up as it were in the hiſt 
of theſe inſets. But theſe ſeals are at — 
opened, when we diligently peruſe and often 
read over the book of nature, and natural 
theology, wherein the inviſible things of God 
are explained to the eyes; then treaſures of 
miracles which no tongue can worthily de- 
ſcribe preſent themſelves, and the unſeen 
Creator becomes ſo manifeſt in theſe his 
ſmalleſt creatures, that the experiments I have 
made on them are to me the ſtrongeſt and 
moſt irrefragable arguments, by which I con- 
ſtantly maintain his eternal Godhead and pro- 
vidence againſt all oppoſition. - Atheiſts allow 
only a fictitious putrefaction, and a metamor- 
phoſis, inveſted in their own brain; and the 
fortuitous conflux of atoms ; by the help of 
which they aſſert, indeed with very weak and 
ſorry arguments, that theſe creatures are pro- 
duced ; whereas, on the contrary, the limbs 
and parts of theſe minute creatures are con- 
ſtructed with ter art than thoſe of the 
largeſt animals. The Louſe or Mite itſelf 
proves a deity, and the majeſty of God is as 
ſtupendous and worthy of admiration in the 
minuteneſs and ſmallneſs of that creature, as 
in the unwieldy ſtrong Leviathan : thoſe who 
view him in theſe his works cannot but reve- 
rence and adore him. God himſelf ſpeaks to 
man in this glorious manner in the magnifi- 
cence of his works. And in what other thing 
can he be known but in his creatures only ? 
Having named the Louſe, I ſhall here add that 
the little part of that creature which is ſo ele- 
gantly moved up and down in the body, is 
only the ſtomach and the inteſtines annexed 
thereto, which produce ſuch an effect by the 
force of their periſtaltic motion. 


The eggs which are laid by the female 
Bee in every little cell of the comb, are ob- 


long, ſomewhat bent, and thicker on one _= 


than, on the other; but they are throughout 


it ſeems with a watery matter, and faſtened 
by a very ſmall extremity to the wax. On the 
other extremity, therefore, the egg ſtands up- 
right in its cell, and it touches not the wax 
except at one end. After what manner theſe 
eggs are ſo firmly faſtened to the wax, I ſhall 
explain in its proper place. We muſt only 
obſerve here, that almoſt all ſpecies of inſects, 
when they are about to bring forth young, 
affix their eggs by ſome means in that firm 
manner; whereof I can indeed exhibit many 
very uncommon inſtances. Among others, I 
have eggs of inſects diſpoſed in a ring, which 
are thus glued round the branches of trees; 
J have ſome other 5 hidden as it were in 
froth: others again which are covered very 
thick with hair, and ſo on without end. As 
to thoſe eggs that are covered or beſet with 
hairs, we muſt obſerve that Butterflies, which 
ſtrengthen their eggs with ſuch an integument, 
have thoſe hairs originally ſituated in the cir- 
cumference of the hinder part of their body: 
and therefore when they bring forth or lay 
an egg, ſome of thoſe hairs naturally ſtick to 
it, becauſe it is covered over with a viſcous 
moiſture; and thus all the eggs become at 
length ſhaggy: the creatures themſelves 
become bald by this in the part juſt men- 
tiond, which is a very remarkable obſervation. 
Thus we may learn ſomething worthy of at- 
tention from every part of God's works : for 
that Almighty power goes through all lands 
and tracts of the ſea as well as the higheſt 
heavens. * | 

When the eggs of the Bee have been hatched 
in the comb, then in the bottom of the waxen 
cell there is obſerved a kind of web of a mem- 
branaceous texture, to which the egg after- 
wards adheres, or is firmly faſtened. 

But the egg is not always fixed in the ſame 
place, that is, in the bottom of the cell ; ſome- 
times it adheres ſomewhat higher and again 
fomewhat deeper, according as the obliquely 
diverging cavity of the cell itſelf is variouſly 
conſtituted, or according as the hinder part 
of the female's body, can be moſt eaſily 
thruſt into this cavity. However, the eggs are 
conſtantly placed on the obliquely deverging 
foundation of the cell, though they do not 
always ſtand perpendicularly upon it ; but ſome 
more, ſome leſs obliquely : for the foundation 
always deſcends. perpendicularly, though the 
angles are ſomewhat inflected. 

If the egg of the Bee be viewed with a 
microſcope, it appears ſomewhat wrinkled : 
but thoſe wrinkles are regular, and are laid 
almoſt in the ſame order, as in the skin of 
Fiſh after the ſcales are off; which, the veſtiges 
of the ſcales being ſtill conſpicuous, are yet 
diſtinguiſhed in a regular manner. Some- 
thing like this is alſo obſerved in the skin of 
Birds ſtript of their feathers. | 
I ſhould think that the hinder part of the 
encloſed Worm lies in the thicker extremity 


tranſparent, limpid, and bright, and are full 


The HISTORY: cf. INSECTS. 171 


of the egg, and the fore part in the thiner 
extreme. This Worm in ſome days after- 


wards breaks open the membrane of the 


egg, and -creeps out of it under the form 
a crooked Worm, exceſſive tender, and 
without legs. But in this Worm the diviſions 
or annular inciſions of the body are immediately 
conſpicuous, nor does it ſtand erect as the egg 
did, but lies on the foundation of the cell: 
the natural figure of the eggs may be ſeen in 
Tab. XXIII. fig. xr. for there ſix eggs are 
delineated in their natural ſize: they ſtand 
erect and oblong, are very ſlender, but ſome- 
what thicker in the upper part; as may be 
ſeen under the letter a, fig. x11. Under the 
letter 4 a microſcopic view of one of theſe eggs 
is exhibited, reſembling the skin of a Fiſh 
new ſcaled; in which one may {till ſee the 
joints, ſeams, or impreſſions where the ſcales 
had ſtuck. Further, I ſhew in fig. x. a little 
t of the comb, furniſhed with nineteen 
cells, nine of which are conſpicuous with their 
erect eggs; four others contain ſome tender 
new hatched Worms, which have caſt theic 
skin a little before; and laſtly, the five other 
cells contain Worms ſomewhat larger and more 
own. I have cut off theſe little cells at one 
alf of their heighth, that their triangular 
foundation on which the eggs ſtand erect, and 
which ſupports the Worms, may be ſeen more 
diſtinctly. | 3 

But I ſhall proceed, and taking up again 
the interrupted diſcourſe on the Bee's eggs: 
obſerve, that they are, until the time of their 
being hatched, when a kind of very ſmall 
Worm creeps out of them, left without the 
care of other Bees, and without any kind of 
fitting or incubation ; though the contrar 
opinion has been hitherto eſtabliſhed, which 
appears to be likewiſe in ſome degree ſupported 
by experience. I ſhould think, at leaſt, that the 
Bees go often to viſit them, that they may 
know for certain whether or not the Worms 
are come out of them. But this they can 
likewiſe obſerve when they follow the temale 
wherever ſhe goes. The little cell alſo, in 
which the egg is repoſited, remains often te 
be finiſhed afterwards ; ſo that in this caſe 
they may eaſily know occaſionally whether 
the Worm has crept out of the egg or not. 
But as the internal parts of the hive are very 
dark in reſpect to our eyes, and the eggs with 
difficulty diſcovered in the bottom of the cell, 
I ſhould think it follows from thence that the 
Bees can ſee as well in the dark as in the light, 
which is likewiſe the caſe with many other 
inſects. The eyes of the Bees indeed ſeem 
much better accommodated for this purpoſe 
than thoſe of any other inſects whatſoever ; as 
their ſtructure will afterwards demonſtrate. 
For the Bees do not ſee by force of collected 
rays, by which the image of the obje& is 
painted inwardly on the eye; as is the caſe to 
demonſtration in an Ox's and Man's eye, when 
the external coats to the uvea are firſt taken 
off: but the ſimple touching and reflection 2 
the 
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the rays on the external ſurface of the eye, 


evidently performs the act of viſion in the Bee. 


The incubation of che egg happens only by 


the heat of the external atmoſphere, and by 
the heat which all the Bees encloſed in the 
hive, produce by their per 


manner than as it is with reſpect to the eggs of 


Silkworms and other inſects, which are hatched - 


by the natural heat of the ſeaſon only: ſo that 
there is no neceſſity for any Bees to have the 
cafe of this; nor are there any in the hive that 
have the office of fitting to hatch the eggs. 
It is therefore an idle imagination, from which 
the male Bees are called brooders, or hatchers 
of the eggs, and has been received only, be- 
cauſe the nature of Bees has been hitherto un- 
known ; nor has it been obſerved by thoſe who 
maintain this doctrine, that at every ſeaſon of 
the year the Bees breed, and young juſt hatched 
are therefore found in the hive before theſe 
pretended brooding Bees appear, which do not 
come forth but on the approach of a ſwarm. 
Thus that error, at this time ſo univerſal among 
us, aroſe merely from want of obſervation. 'The 
ancients have likewiſe erred who called theſe 
Bees drones; and moreover, if we attend to 
what Goedaert relates of Bees in the ſecond 
part of his Natural Met. Exper. 46, and which 
the learned Dr. de Mey alſo afterwards affirm- 
ed to be true in his annotations: we ſhall 
clearly fee that the former, though he other- 


wile obſerves a tolerable method, is; however, 


ſo confuſed and void of all order on this occa- 
fion, that his narrative cannot be really called 
a detail of things, but only a diſordered heap 
of words. He there confounds the humble 
Bees, Hornets and Bees one with another. For 
my own part, I eſteem nothing in the works of 
Goedaert but the figures; though even thoſe, 
notwithſtanding that they have been drawn ac- 
cording to living ſpecimens, have in many in- 
ſtances very conſiderable faults. But it is na- 
tural to men to commit errors, nor do I think 
myſelf free from them, and therefore we who 
follow the ſame ſtudies are obliged to aſſiſt 
and bring each other into the right way, but at 
the ſame time remembring our own weakneſs, 
we ſhould claim no ſuperiority over others. But 
when a perſon will not ſcruple to darken the 
truth on purpoſe, in order to depreciate an- 
other, or to favour his particular opinion, he 
is unpardonable. It were much to be wiſhed, 
that Goedaert had finiſhed his own obſervations. 

Thoſe come nearer the truth, who, know- 
ing more accurately the nature of the male 
Bees, called them the more noble kind, for 
they in reality live on the labours of the com- 
mon Bees, and are at the ſame time of a more 
generous, mild, and tender diſpoſition ; but that 
the males exclude the reſt of the Bees from 
the act of - incubation is ridiculous. The eggs 
of Bees evidently ſtand ere, and they muſt 
not nor cannot be without hurting them: ſo 
far impoſſible it is to hatch them by {ſiting on 
them. 'To which may be added, that when 


petual motion; for 
that buſineſs is performed here in no other 


Vermicle or Worm which did not want hatch- 
ing, but needs now continual and 


the egg is depoſited in an imperfect 
often the caſe, there is no place ſot 
Bee that is ſuppoſed to fit upon it, to reſt its 
body, unleſs it ſhould ſtop up the way, and 
been inſurmountable the reſt of 
cell. When the egg is at grown ma- 
e, then there 


= 


.to 
to 
hiv 


ture by the natural heat of the 
is excluded from it a, very tender and ſmall 


nouriſhment : and not only the males, but even 
the females alſo are incapable of this bufineſs.: 
To this may be added, that when theſe Worms 
have eaten ſufficiently, if. they afterwards lie in 
a warm place, they are ſpontaneouſly and with- 
out the aſſiſtance of any particular heat com- 
municated by the Bees, changed into Nymphs, 
and then again into Bees. This I myſelf have 
experienced in my own chamber, with reſpect 
to a great number of ſuch Worms, ſome few 
days after the beginning of September, before 
the nights began to grow cold. Nay, this ex- 
periment ſucceeded ſo far, that in ſome cells 
which I had opened, I already ſaw the eyes of 
the Nymph changing, and from a limpid or 
clear white, becoming of a beautiful, but ſome- 
what pale purple. This is indeed the firſt re- 
markable change the Nymph undergoes. I 
have likewiſe obſerved the fame thing in the 
humble Bee deſcribed by Goedaert under the 
name of the Apis. 

We ſhould particularly obſerve here, that 
there is ſuch a wonderful heat in the. hives, 
even in the midſt of winter, that the honey 
does not concrete or loſe its original fluid con- 
ſiſtence, nor is gathered into grains or cryſtals, 
unleſs in hives in which the Bees happen to 
be fewer than uſual, The Bees, when they are 
fruitful, nouriſh, cheriſh, and warm their off- 
ſpring in the midſt of winter, and preſerve a 
mutual heat amongſt each other. But I do not 
know that this is the caſe in any other inſets, 
for even the Hornets themſelves, as well as 
Waſps, humble Bees and Flies, are all rigid 
and motionleſs in the winter; and in all that 
ſeaſon neither move nor change place, nor do 
they take any nouriſhment, nor diſcharge any 
faces. Something ſimilar likewiſe holds in 
ſome ſpecies of the garden and other Snails, 
which, when they have been about that time 
cleared from all excrements, by continual ab- 


ſtinence become a cleanly and agreeable fond. 


The Worm of the Bee, excluded out of its 
egg in this manner, and ſtript of its tender 
skin, muſt be afterwards, as I have obſerved, 
nouriſhed and fed. But as it never, like the 
Worms of other inſects which creep about, or 


are conveyed elſewhere, changes that place 


wherein it was firſt repoſited in its cell ; hence 
this Worm wants a nurſe: of this laborious care 
and attendance the labouring or common Bees 


take the charge on themſelves, and nouriſh, . 


cheriſh, and bring up this tender offspring, un- 
til, from a minute Worm, like a point, it is at 


length changed into a Nymph, and finally to a 
2 Bee 
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Bee by accretion, and when arrived to this 
Nate, it is no more increaſed in bulk. The 
Bees indeed daily procure and provide food for 
theſe Worms, wich as much labour and ſoli- 
citude as birds do for their young. And it is 
neceflary that it ſhould be fo, fince the Worms 

the Bees do not ſtir out of their cells till they 
nouriſhed fo far, that, acquiring the form 
Bee, they increaſe no more. This is com- 
to all inſects, whether they are brought 
forth ſmall or larger, they never increaſe fur- 


ther when arrived at this ſtate. - Nay, this law 


is ſo univerſally eſtabliſhed among inſects, that 
after they have acquired their laſt or moſt per- 
fe& form, which they retain for life afterwards, 
always remain ſmaller or larger in their ſe- 
vetal kinds, in proportion as their Worms have 
dy force of nutrition increaſed more or leſs 
while in that ſtate. 25 
, it is neceſſary to obſerve, that it is 
not honey with which the Worms of the Bees 
are fed; it is indeed another and peculiar ſub- 
ſtance; it is of a white colour reſembling the 
white of an egg when it begins to harden, or 
a white paſte made of flower and water ; it is 
ſomewhat thicker than honey, and is of ſo mild 
a taſte that it ſcarce affects the tongue. From 
whence the Bees obtain or bring this food, or 
whether it be honey which is firſt changed in 
their own- ſtomach or proboſcis into this form, 
and which they afterwards caſt out, as is uſual 
with Pidgeons and other birds, which give a 
half digeſted food to their young at firſt, I have 
not hitherto diſcovered. Be this as it may, the 
Bee-keepers who regard nothing but gain, and 
have no knowledge in any thing elſe, tell us 
ſome idle ſtories on this ſubje&, though they 
ſcarce know any thing elſe of Bees, but how 
much a year is to be made by keeping them. 
The moſt ſenſible of theſe people call that ſub- 
ſtance ſalival honey. Nor is it to be doubted 
but the Bees can, when they pleaſe, throw up 
the honey again. Clutius indeed confirms this 
by a very remarkable example, whereof Voſſius 
makes mention in his treatiſe on idolatry. If 
the body of the Bees be gently ſqueezed on the 
under fide, the honey will be preſſed out again 
and make its way up through the trunk. But 
notwithſtanding this, a doubt remains, whe- 
ther the-Bees diſcharge that honey out of their 
ſtomach, ſince they can hide a great quantity 
of it in the cavity of the proboſcis or trunk: 
bly the fame thing is the cafe here as in 
idgeons Who diſcharge a ſubſtance like chyle 
out of their craw. But though honey is col- 
lected, not made by the Bees, being firſt pre- 
pared by nature herſelf in the parts of flowers, 
and is only taken into their bodies by the pro- 
boſcis; yet I do not doubt but it is changed, 
digeſted, and converted into durable and good 
food for the young, not only in their body, 


but even in the proboſcis · or trunk itſelf This 
ſubject it would be worth while to examine 
more ſtrictly: nay, what is here advanced is 
the more probable, becauſe we. obſerve, 
that the honey which the Bees gather from 
flowers is not always of one and the ſame 
conſiſtence, but is found ſometimes thicker, 
ſometimes thiner, ſometimes watry, ſometimes 
aromatic in the flower; and therefore it is ne- 
cefſary that it ſhould be afterwards prepared by 
the Bee to render it all alike *. n 

To return to the ſalival or diſcharged honey. 
I remember that I have often ſeen a peculiar 
ſubſtance diſtilling from willow trees, which I 


am inclined to think is very like this falival 


honey, and which Hornets, Waſps, the diur- 


nal Butterflies and Flies all greedily ſeek after. 


It is particularly beloved by the Butterflies, 
which by ſhaking their broad wings often drive 
away the Flies that then fit feeding thereon, 
It is fingular that I never ſaw Bees buſy them- 
ſelves about this matter, which they might have 
eaſily carried into their hives to feed their 
young, When I further conſider that the Bees 
in the midſt of winter, and when they do not 
fly out, ſtill nouriſh their young, I have no 
further doubt of this matter, but am convinced 
that the ſtock of young Bees are nouriſhed with 
honey, thrown out or diſcharged in a very ſin- 
gular manner from the trunks of others, what+ 
ever the Bee-kepers ſay to the contrary. | 

How long the worm of the Bee feeds, be- 


fore it is arrived at the perfect condition of a 


Bee, and has legs, I am not able to determine, 
But if what the Bee-keepers have aſſured me, 
as a certainty, be true, that is, that the young 


ſwarm may poſſibly ſwarm again in a month 


or fix weeks, then it would be no difficult 
matter to compute that time, and I ſhould 
think that according to this calculation it may 
be completed in about twenty-four days in 
ſummer, Theſe Worms, however, do not in- 
creaſe in bigneſs ſo faſt as thoſe of Flies, for 
they are excluded out of a very ſmall and ten- 
der egg, and have at firſt very little motion. 
We muſt likewiſe conſider in this matter the 
hotter and more favourable conſtitution of the 
atmoſphere ; for the temperature of the air only 
is ſufficient to detain a Worm of Caterpillar in 
the buſineſs of its change, ten days beyond the 
uſual time. This I have often experienced. 
This is ſo true that the change of a Worm into 
a winged inſet, which in the middle of ſum- 
mer is performed in the ſpace of a month : 
is ſometimes prolonged to eight or nine months; 
this happens principally when the preceding 
change happens in the laſt part of the autumn; 
for if in that caſe the winter cold comes on 
immediately after, the creature inftantly be- 
comes motionleſs, nor does it recover motion 
before the next year's hot weather comes, and 


It is but of late that the ſubſtances of which wax and honey conſiſts, have been diſtinctly known; but it is now perſectly 

are both collected from flowers. The antherz or buttons placed on the filaments in flowers, contain 4 

duſty ſabſtance, intended by nature for impregnating the ſeeds in the bottom of the flower, and of theſe the Bees make wax; 
Eh 


they feed upon this ſubſtance firſt, and then 


at their mouths, and with a little moulding this becomes wax. 


in the bottom, or in the glands called nectariæ. 


arge the remains, which have not been taken into the veſſels as nouriſhment 


The honey they find perfe& in the flowers, either lodged looſe 
Yy nouriſhment 
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nouriſhment is ready prepared for it, and for 
its future offspring, This is alſo the reaſon why 
ſeveral ſpecies of inſects do not die ſo ſoon to- 
ward the end of the year as in the heat of 
ſummer. Hence alſo, when the Butterflies of 
Silkworms are changed later in the year, they 


have ſometimes remained alive with me for ſix 


weeks | after their laying their eggs, which is 
certainly a very ſingular incident. So great is 
the effect of heat and cold on theſe little crea- 
tures, that the one ſeems to give them life and 
the other immediate death, for death is no- 
thing elſe but the ceſſation of natural motions. 
In the examples juſt now mentioned, the life 
of theſe creatures is prolonged by means of cold, 
ſince the ſtrength. of life, and the fluids on 
which it depends, are {lower diſſipated, by rea- 
ſon of the {lower motion. This is a fact that 
indeed deſerves particular attention. 
When the Worms of Bees are increaſed to 
ſome bigneſs, they begin to fill the whole cell 
in which they were . and turn themſelves 
as it were into a globe, as a Dog does when 
he lies down to ſleep ; or, like that ſpecies of 
the Woodlouſe which turns itſelf round like 
the Hedg-hog. Now that I am upon this 
ſubject, I remember a very remarkable ſtory. 
One of our maid ſervants had at one time found 
a great number of Woodlice in the garden, 
contracted into round balls in the manner before 
mentioned, and thinking ſhe had found a kind 
of coral beads, ſhe began to put them one 
after another on a thread, but it ſoon happened 
that theſe little creatures, which roll themſelves 
up in fuch a manner only for fear of harm, 
and appear as if they were dead, being ob- 
liged to throw of the mask reſumed their mo- 
tions. On ſeeing which the maid ſervant was 
ſo greatly aſtoniſhed, that ſhe threw away the 
Woodlice and the thread, and cried out, and 
run away. | 

If the Worm of the Bee is taken out of 
its cell about this time, there is found under it, 
in the bottom of the cell, a kind of yellowiſh 
matter of a ſomewhat thick conſiſtence. This 
is the excrement of the Worm. 

In the mean time, whilſt the Worm is thus 
increaſing in bulk, I do not doubt but it ſome- 
times, like other inſets, changes its skin, but 
how often it does this before it arrives at full 
bigneſs, I cannot determine. I have obſerved 
that when this Worm caſts its skin, and 1s 
changed into a Nymph, its pulmonary tubes alſo, 
ſituated in the body, change their skin and throw 
out through the orifices in the body a thin pelli- 
cle. Indeed, it ſeems to me very admirable, 
that this change of skin is ſo common to all 
inſects in general, that even Lice themſelves 
and the minuter Mites undergo it: nay, Spiders 
and Locuſts obey this law ſo perfectly that they 
caſt skins from their eyes, their teeth, and the 
very claws of their feet; even the horns are not 
excepted, which, though as they are ſmaller than 
a hair in the Locuſts, yet they likewiſe caſt a 
tender skin. The cruſtaceous and teſtaceous 
animals alſo, as the Crabs, Lobſters, and the 
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their skins. I have likewiſe oh. 
ſerved, that When e are caſting their 
„a skin is likewiſe thrown off from their 
face of the skin is turn 
went ſo far, that 1 
was not afraid to taſte and bite theſe Worms 
of Bees, in imitation of thoſe, who, from a 
beaſtly and depraved appetite, do not fear eat 
ing the Maggots that grow in cheeſe, that is, 
that ſpecies of Worms which skip or leap by 
bending their bodies, and again ſwiftly extend. 
ing them. The Bee- Worms are of à very diſ- 
agreeable taſte, like that obſerved in the pan- 
creatic juice of fiſh, and they leave a very offen- 
ſive or nauceous rancour like that of ruſty bacon 
in the mouth. Of the ſame opinion with me 
was the very experienced and induſtrious Peter 


eyes, and the inner fur 


Acdrianus, who had then come to make me g 


PR of ſome male Bees, and by his aſſiſtance 
alſo greatly advanced this hiſtory. When 
theſe Worms are boiled, they have a ſomewhat 
more agreeable taſte; but if one continues 
chewing them, the former taſte prevails again. 
Before I proceed further, I ſhall exhibit the 
Bee-Worms to the life, according to the vari- 
ous degrees of their bigneſs, as they continue 
growing: the thirteenth figure ſerves for this 
purpoſe. The letter a, Tab. XXIII. fig. x11, 
repreſents a Worm juſt come out of its egg, 
b cd e are Worms nourithed longer and grown 
more mature; f and g exhibit others larger 
again and longer nouriſhed, which are here re- 
preſented in the ſame manner as they lie in 
their cells: 7 expreſſes the Worm on its back, 
and beginning to draw the hinder part of its 
body inwards, and to move its head languidly. 
In the fame figure under the letter þ I have 
delineated the Worm lying on its belly. In 
the back of this is ſeen a furrow of a blackiſh 
or pale blue colour: this line ſhews the ſto- 
mach, which appears through the skin in that 
part, which I found to be all ſtuffed with a 
yellow matter. In the ſecond figure, under the 
letter a, Tab. XXV. fig. 11. is exhibited a 
Worm, having attained its full increaſe, which 
ſtands up at that time in its cell, and ſhuts it up 
entirely : after this it remains very quiet and 
without any motion in the cell, and begins to 
ſwell at the iſt, 2d, and 3d annular diviſions 
of the body, becauſe its hidden limbs, and other 
parts, which had increaſed in bigneſs under the 
skin, are now inſenſibly ſwollen with humour, 
and therefore diſpoſe the Worm to change its 
skin. This will be very diſtinctly explained below. 
If any one afterwards more accurately exa- 
mines the Worm of the Bee, and views it with 
a microſcope, he will obſerve, as I have ſhewn 
in Tab. XXIII. fig. x1v. that it is compoſed of 
fourteen annular inciſions, @ @ a, including the 
head. In the head þ are to be obſerved the 
eyes cc, the lip d, two little parts e e, which 
afterwards become the horns, and two other 
little parts ff; ſituated under the former, which 
ſeem as if they were articulated and afterwards 


grow into the teeth. Moreover, between theſe 
| two 
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two little parts, and conſequently under the 


lip d, us preſented... to view another ſmall and 


ſomewhat prominent. or extuberant part g, 
which reſembles a wes e 

caſing by degrees, at lei indeed conſti- 
15 — 1 = of the Bee. Moreover, there 


is ſomething that hangs out of this little part 


above, like a ſmall nipple, by which the Worm 
diſcharges its thread to make the web, when it 
has caten. for a ſufficient time and is going to 
be transformed into a Nymph. In ſome other 
Worms I have ſeen beſides the tongue g, the 
reſemblance of a ſmall and tubular proboſcis, 
ſituate in the middle between the tongue and 
the lip d, by the help of which the Worm can 
probably e in its meat. But I aw this laſt 
mentioned tubular ge por in the Worm, when 
T had firſt preſſed its body a little, and forced it 
forward, between m 7 towards the head. 
Appin. in other fi orms, I have obſerved 
a horny or bony. little part immediately under 
the lip. But thoſe other little parts behind this 
did not appear fo diſtinctly to me. We muſt 
view theſe parts with a microſcope, and to that 
purpoſe firſt ſeparate and clear them one from 
another ; for. their colour, which is of a whitiſh 
yellow, prevents their being accurately viewed 
er, and in order to ſee them well one 
muſt uſe a very powerful microſcope. 
The two eyes of the Worm cc are of a 


tranſparent white, and are limpid, fo that they 


ſeem inflated as it were with a lymphatic 
fluid. In other inſets the eyes are uſually 
brown, blackiſh, green, red, blue, or yellowiſh; 
and in ſome few of a very full or faint purple, 
that is, according as the tunica uvea in the in- 
ternal circuit of the eyes is coloured. It is evi- 
dent from this example that the eyes are not 
alike in all inſets; nay, this diverſity with reſpect 
to the colour of the eye takes place equally in 
the larger and ſanguiferous animals: this I have 
particularly obſerved in Rabbits, in which the 
whole tunica uvea has been placed at the bottom 
of the eye, and then ſeemed to me, for want of 
blackneſs, unfit in a manner to detain and collect 
the rays of light for viſion ; blackneſs, and even a 
deep brown, have this property, that they never 
reflect the rays of light that fall upon them, and 
for this reaſon alſo black paper takes fire much 
eaſier in the focus of a burning glaſs, than that 
of any other colour, which reflects the rays. 
But the ways or means of divine providence, 
which can bring all things to one and the ſame 
end, are innumerable. This I ſhall diſtinctly 
explain in the following pages with reſpect to 
the ſight of Bees; and at the fame time de- 
monſtrate therein the omnipotent wiſdom of 
God, from the eyes of theſe inſects. | 
Between the two eyes, and not far from the 
lip d, occurs a part of a yellow colour; nay, the 
lip itſelf and the tongue g are alſo yellowiſh. 
In the extremities of the ſucceeding horns ee 
there * alſo a ſharp pointed yellow and 
little part. But as all theſe minute 
parts are of a faint colour and are pellucid, they 


cnet be diſtinguiſhed but with great diffi- 
cult 7). 1 il 12 
In the other rings of the body, ten points 
of reſpiration are obſerved to be diſtributed 
on each ſide 5 B, having no horny or bony 
of any other colour; as is the caſe in 
the Coſſus, in Silk-worms, and in moſt other 
inſects. It is therefore very difficult to diſcover 
theſe points, on account of the whiteneſs and 
general brightneſs of the Worm; indeed no 
E can accompliſh his deſign in this caſe, 
ut by frequent and carefully turning of the 
microſcope to view the object in different 
lights. Theſe points appear placed in a kind 
of long fiſſure or lit, and are ſomewhat de- 
preſſed. The pulmonary tubes or branches 


of the windpipe, which are internally joined 


to theſe points, are of a clear or limpid white 
colour, and glitter like mother of pearl ; and 
in ſome worms which. are not very fat, and 
have therefore a very pellucid body, they are 
ſeen alſo diſtinctly through it; as is alſo, 
through the tranſparent body of the Worm; the 
ſtomach, which in this Worm is uſually at 
that time filled with a yellow kind of mattet 
like melted Bees-wax : the heart and ſpinal 
marrow are ſeen alſo diſtinctly through the 
body of the Worm, the former being placed 
in the back, the other in the belly. N 

This Worm has a very flow motion, and 
whenever it is diſturbed, it draws its head and 
tail, or the poſterior part of the body, a little 
inward. But if it be dragged out of its waxen 
cell, and any violence is by that means offered 
to it; then it will make other and more re- 
markable motions ; for it ſometimes twiſts and 
bends itſelf forward, and ſometimes again 
backward. But if it be not moved or pro- 
voked, it lies without any viſible or conſpi- 
cuous motion ; nor does 1t eyer go out of its 
cell, until it hath grown into a perfect Bee. 

I ſhall now proceed to, the diſſection of theſe 
Worms. The Worms of Bees, as well as 
other inſects, may be diſſected by the help of 
various contrivances, which I myſelf have 
often uſed : firſt, then, I killed theſe Worms 
by different methods ; I boiled ſome of them 
in ſpirit of wine; others I ſteeped in the al- 
kaheſt liquor of Glauber, and in divers other 
coloured liquors : all which I have done, the 
better to diſtinguiſh their internal parts, which 
are all of the ſame colour, But theſe did not 


anſwer with the expected ſucceſs, becauſe 


the Worms abound with fat. If the Worm 
be caſt into ſpirit of wine, all its parts melt 
as it were and become watery. The parts 
are too much condenſed 
the alkaheſt liquor likewiſe they are in the 
beginning too ſtrongly coagulated, but after- 
wards they change or turn into an aqueous 
fat or greaſe ; therefore the beſt method that 
I know is, if one only ſuffocates theſe Worms 
in ſpirit of wine, and immediately afterwards 
prepare for the diſſection of them. It is of 


ſervice 


by boiling, and in 
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ſervice likewiſe to macerate them in coloured 
liquors, till they become, as far as they are ca- 

ble of it, black, red, or yellow; or they may 

even left to themſelves, that they may at 
length acquire a colour, by a ſpontaneous cor- 
ruption: by this means, when the changes are 
properly watched, ſome of their parts ſhoot 
forth to view, which otherwiſe eſcape the ſight, 
or at leaſt cannot be viewed diſtinctly enough. 
It is indeed the nature of this Worm to have 
its body of a perfect white, and conſiſting of 
parts not very eaſily to be diſcerned ; hence 
ariſes the vaſt difficulty of anatomizing it, un- 
leſs we uſe the method mentioned above, All 
theſe things, however, need be of no conſe- 
quence, if one knew how to diſſect theſe Worms 


when alive, which yet is not eaſy to be done, 


ſince its parts contract themſelves at that time 
moſt ſtrongly, and alſo are in their own nature 
molt extremely tender. | 

If the Worm be opened along the back, 
immediately there appears trickling out a ſort 
of ichor or watery humour, guſhing from the 
wounded; veſſels, and from the heart. This is 
the real blood of the little Worm: after this are 
ſeen the muſcles ſituated under the ſkin, which 
move the annular diviſions of the body, and 
ſome of which go into the very heart itſelf. 
Next is ſeen. the fat, and among this, in the 
middle of the back, the heart ſwelling out 
ſhews itſelf; this is indeed a long pipe, running 
through the whole back quite into the head, 
out of which the veſſels ſprout branching to all 
the parts. This, however, I never obſerved in the 
Worms I am treating of, but have frequently 
in Silk-worms. In the anatomy of the female, 
I ſhall mention ſome other circumſtances about 
the heart: if we purſue this diſſection further, 
preſently the ſtomach riſes to view, furniſhed 
with numberleſs pulmonary tubes, which, being 
made up of fibres eaſy enough to be diſcerned, 
if it is cut, recedes very eaſily from its internal 
coat. This to appearance is membranaceous, and 
is three times thinner than the ſtomach itſelf ; 
this ſame tunica, moreover, like the moſt tranſ- 
parent kind of glaſs, is perfectly clear, as well 
as moſt equally ſmooth, which indeed is found 
in other inſets likewiſe, and more than all the 
reſt in Silk-worms. In the laſt Worms I 
diſſected, this coat, or internal part of the ſto- 
mach, was always ſwollen with a ſort of mat- 
ter of a deep yellow colour, a little clammy, 
which not only filled the whole cavity of the 
ſtomach, but in the back, where the heart is 
placed, was diſtinctly ſeen through the heart 
and the body. In the Worms of Hornets, that 
inner coat of the ſtomach ſhews to appearance 
like a piece of net-work, the moſt curious that 
can be ſeen, and is of a purple colour. In the 
lower part of the ſtomach, where the 1 
lies, are four little veſſels, through which there 
runs a matter of a yellow colour, a little inclined 
to whiteneſs : theſe are firmly knit to the fat and 
air-pipes, and appear here and there through 
the fat, and winding about are carried over the 
body in wreaths; to me, indeed, it ſeems diffi- 
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cult to find out what kind of particles" theſe 

GR. 
ſaffron-coloured veſſels, ich the itfuftrious 


Mapighius has deſcribed in Silk-wortns, 
what I have found hitherto in all inſets,though 
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not always tinged with this yellow colour: 
Whatever be the caſe, after and unweatied 
fearch I at laſt perceive, that in their extremi- 


ties, they, as the cloſe > 
cloſed up: to diſcover this I uſe the follow 
method, viz. with a fine T take hold 
the gut, or of the end of the ſtomach into 
which the veſſels run, and then ſlowly and care- 
fully draw them out from the fat and intwined 


membranes, and pulmonary tubes; ſince 

could not bows. de difen led mike 
the utmoſt difficulty. If theſe cloſed veſſels are 
macerated for a little time in fpirit of wine, 

then they appear as if they were covered over 
landules, which kind of glandales may 
likewiſe be obſerved in other inſects. I have 
called theſe in the Coſſus faffron-coloured veſſels. 
In "gy it is extremely hard to bring them into 
ſight. | p 
> The fat alſo of this Worm, as in the Coffus, 
conſiſts of globules, and theſe very globules in 
ſome meaſure reſemble the globules of fat in 
the Coſſus; but the fat in this Worm I am 
treating of is not loſt during its growing: ſtare: 
Wherefore it may ſtill be ſeen, after the crea- 
ture is changed into a perfect Bee; if this fat 
be examined more accurately, beſides number- 
leſs more minute particles, there are likewiſe to 
be obſerved in it ſome little oily lamps, fuch 
as I have before repreſented in the fat of the 
Coſſus; but the ſtructure of the fat cannot be 
more exactly examined, unleſs we view it laid 
on a very thin plate of fine glaſs, a fingle:mi- 
croſcope being paſſed between, right againſt 
the fight. In the fat, which is mixed with ex- 
tremely thin membranes, and with the pulmo- 
nary tubes, ſome ſmall particles are here and 
there ſeen, wrinkled and contracted, and ſome- 
what 8 to a pale purple, and in other 

parts nearly whitiſh. Theſe are the beginnings 
of the air bladders, which afterwards in Bees 
are filled with air, and mix themſelves with the 
E tubes, to which they have hitherto 
ut a ſlight coheſion; juſt as the lungs in ani- 
mals, that have not yet uſed reſpiration, ſo theſe 
air bladders are contracted in theſe ſubjects. 
On the oppoſite ſide, near the head of the 
Worm, there appear ſome other veſſels, which 
curl like the tendrils of a vine, in the fame. 
manner as the cloſed veſſels juſt deſcribed ; nay, 
and they are ſo fimly braced with membranes, 
fat, and pulmonary tubes, that I haye found it 
impoſlible as yet to ſeparate them ; whence T 
have alſo been unable ſo accurately to diſcover. 
their ſtructure. Theſe veſſels are double, and 
at laſt meet in one little tube, which, after that, 
ſhoot on the outſide under the tongue of the 
Worm, and there become ſtronger and tougher, 
and then ſwell outwards in a kind of ſoft pimple, 
pervious by an opening: from this prominence a 
glutinous humour, the matter of the filaments, 
| * 


guts or cæca of hens, are 
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is ſent out ſo that theſe veſſels may be conſi- 
dered as the parts out of which the Worm 
draws its threads. When the Worm, having 
taken ſufficient nouriſhment is ſoon afterwards 
ta be changed into a Nymph, then by the help 
of theſc little threads it covers in its little cell, 
and at the bottom, -and on the fides within, 
covers it over as it were with glue. I have ſeen 
in ſome Worms likewiſe, that theſe tubes, not 
far from the part where they ifſue forth under 
the mouth, have divided themſelves into two 
branches, which, however, as I have already 
mentioned, I have not as yet been able to trace 
further. In the mean time I believe, that they 
end in the cloſed a ges, as is the caſe in 
filkworms. Whenever theſe tubes are pierced 

tne middle, in that part where they 
meet in one little body, there iſſues thence a 
glutinous matter extremely tough, and capable 
of being drawn out into long threads. The 
ſame thing is alſo obſerved in the glue of Silk- 
worms, not yet drawn out into threads, and in 
other inſets, and even in ſpiders themſelves. 
This, however, is to be obſerved only in thoſe 
Worms that are near the time of their tranſ- 
mutation into Nymphs. 

I have not perceived any other parts in the 
Worm, beſides thoſe I have already explained, 
fince the veſlels in it, which carry and return 
the blood, are ſo very delicate and tranſparent, 
that I was not able to diſcern them. For the 
ſame reaſon I could not deſcry theſe very 
parts even in the Coſſus, though there are in- 
ventions of art, by the aſſiſtance of which we 
may come to the knowledge of them. In Silk- 
worms I ſucceeded by the following method, 
which I have repreſented in the fourth figure, 
viz. I provide myſelf with a little glaſs tube, 
ſuch as is here delineated, * which I take care 
to have made like a vial in the middle, Tab. 
XXIV. fig. 1v. a, at one end to be drawn out 
to the utmoſt ſmallneſs, and at the other end c 
made thicker and broader, in order that the 
air blowing into it, may be conveniently forced 
in at this end : this done, I fill the little pipe 
with ſame thin liquor coloured, not however 
of a very penetrating kind, let in through the 
thicker end c, and then with the greateſt 


caution perforating the ſkin 5, I thruſt the 


thinner end into the heart. This may be done 
eaſily enough. By theſe means, and then 
gently blowing into it, the heart, and many 
of the veſſels ſhooting out from it, may be 
filled ; and further, though no other parts are 
diſcovered in theſe Worms, ſtill it is of uſe 
to take notice in them, both of the pulmonary 
tubes, and the ſpinal marrow. As for the mar- 
row, indeed, though by reaſon of its exceſſive 
yielding and ſoftneſs, I could not examine it 
with any exactneſs in the Worm, yet I had 
no difficult taſk to diſcover it in the male Bee, 
of which when I come to treat, I ſhall deſcribe 
it as there delineated. 

There are, as I ſaid, ten points of reſpiration 
on each ſide of the body, in all twenty ; and 
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in the Coſſus; but there is this remarkable 
diſſerence, that both in the Coſſus, and in 
Silk-worms, only eighteen of theſe points 
with reddiſh tufts, of a ſubſtance between 
horn and bone, ſuffer themſelves to be diſcern- 
ed; but the tenth pair of them is not ſepa- 
rated ſo plainly, which perhaps is the reaſon 
that the incomparable Malpighius does not 
deſcribe twenty, but only eighteen of theſe 
points in Silk-worms. 'The twenty pulmonary 
tubes, which in the Worm of the Bee ariſe 
as it were from theſe points, are carried in- 
wardly into the body, and have all a mutual 
communication with one another : a kind of 


little tube runs all along from one point to 


another, ſo that in this manner the anaſto- 
moſis or inoſculation of theſe veſſels is propa- 
gated through the whole body. The ſtructure 
of theſe pulmonary tubes is in truth exceeding 
wonderful, for all of them confiſt as it were 
of curled rings, which being twiſted together 
in the cloſeſt manner imaginable, and in- 
twined with one another by the fineſt fila- 
ments and moſt delicate membranes, make 
the union ſo completely ſolid, that the air can 
no where pervade, except through the middle 
cavity, which is always open. Theſe rings 
are alſo twiſted cloſer in ſome of the tubes 
than in others, but indeed the fabric diſplays 
the greateſt artifice in thoſe places, where 
theſe pipes divide into branches and ſhoots, 
for there the rings are ranged with ſurpriſing 
{kill one cloſe to another, and are joined to- 
gether by the intervention of the lengthening, 
abbreviating, and crooked rings. All theſe 
things may be ſeen very beautifully, if one 
puts theſe pipes on a very thin piece of glaſs, 
and afterwards views them againſt the light: 
this is indeed a very uſeful contrivance. They 
may alſo, in order to diſtinguiſh them the 
better, be placed on thin, coloured, black, or 
green glaſs. Theſe pulmonary pipes or tubes 
are always open, as I have before mentioned, 


which is likewiſe the caſe in the human 


ſpecies, and in other animals, but principally 
in regard to or about the cartilaginous rings 

laced in the neck, ſo that therefore the air 
in the human body, or any other animal, which 
hath once breathed or reſpired, can never be 
entirely driven out of the ſubſtance of the 
lungs. We muſt further obſerve, that theſe 
pulmonary tubes are in this Worm diſtributed 
in ſuch a manner, that the brain, the nerves, 
and even the eyes are furniſhed with branches 
of them ; this I ſhall afterwards ſhew in the. 
anatomy of the eye, the ſtructure of which, 
too delicate for all deſcription, proclaims the 
infinite wiſdom of the ſupreme Architect. 
Next we are to explain the ſixth figure in this 
plate, which exhibits ſome of the viſcera of 
this Worm. 2 

The letters a 4, Tab. XXIV. fig. vi. denote 

the ſtomach, furniſhed with infinite air- pipes 
d d, which are affixed to it: 5 is the gullet. 
c Exhibits ſome glandulous little parts, which 


chere is the ſame number in Silk-worms, and are ſeen diſtinctiy through the tranſparent 


Z Z ſtomach. 


ſtomach: The ſtomach alſo has towards its 
hinder parts ſome muſcular circular fibres e, 
which ſerve to move its contents. ggg g Are 
four veſſels, inteſtina cæca, or cloſed guts. 
h þ Shew the inſertion of the cloſed guts or 
cæca below the pylorus f. # Exhibits the reſt 
of the inteſtines of the Worm, the craſſum 
and rectum, or the thick and ſtraight gut, 
to the extreme end of which a ſmall part of 
the ſkin is likewiſe obſerved to adhere. 
] Repreſents the delicate coat of the ſtomach, 
replete with coagulated contents of various 
kinds, which are deſigned by the darker parts 
in the figure. Fig. v. a, are the pipes appointed 
for the matter of the web, or the bags where- 
in the ſubſtance of the future threads is pre- 
pared. & Shews the place where theſe points 
are joined one to another. c c Exhibit the 
diviſions of theſe pipes. 4d dd Is the place 
where thoſe pipes that contain the matter of 
the web are broken off, and beyond which 
I could not at this time proſecute their courſe: 
what increaſed the difficulty was, that other 
matters, which were likewiſe to be inveſti- 
gated, took up all the time I then had. I like- 
wiſe find the ſame difficulty of tracing theſe 
veſſels in the Worms of the Hornets ; which 
however might have been conquered much 
eaſier in the latter; but it is as rare to get ſo 
great a number of Hornets, as a ſufficient num- 
ber of their Worms, | 

The firſt figure repreſents the pulmonary 
tubes of the Worm, as may be ſeen on a 
ſide, under Tab. XXIV. fig. 1. No. 1, 2, 3, 
&c. and the letters aaa; for twenty ſuch 
tubes are ſeen in this creature. It likewiſe 
appears in this figure, in what manner the 
pulmonary tubes of the ſame fide have a 
communication with each other &, by means 
of tubules carried from one orifice to the other; 
and have the tubes of each fide meeting each 
other from the oppoſite ſides of the body, and 
are alſo united together cc. Finally, the branches 
are ſeen there, which ſpring from the middle 
trunks of theſe ſeveral tubes. The Worm is 
here exhibited and laid entirely open, and 
without its viſcera, fat, and membranes, all 
which I carefully waſhed off with a little 
water, by the help of a fine pencil. Though 
the orifices d d of the pipes are ſituated under 
the skin, yet I have delineated them, as if 
they appeared or were prominent out of it; 
which particular, though it be contrary to 
nature, yet I have obſerved in this place, that 


my deſcription may be the more eaſily under- 


ſtood. The other two ſpiral little parts, fig. 
II. and 111. e, /, expreſs the rings of the pul- 
monary tubes. One may very diſtinctly and 
beautifully ſee theſe, if a hair of a man's head 
be paſſed through a ſmall part of a pulmo- 
nary tube, and both extremities of the hair be 
afterwards glued or affixed with wax ; if that 
part of the tube be then ſeparated or taken 
away, with ſmall tweezers, or.ſtretched out 


by needles, it will be ſeen diſtinctly how theſe 
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contorted or twiſted rings are longer id one 
part e of the tube than in the other . Withont 
this contrivance, theſe rings may be eafily dif- 
covered, by the help of a microſcope.” 
But I ſhall proceed further. 1 muſt obſerve; 
that when the working Bees have” maintamed 
the Worms here deſcribed, until they are ar- 
rived to their full bigneſs, theſe Worms after- 
watds abſtain from all food; and as they lay 
before in their little cells, "contracted as it were 
into a globe or ball, ſo, on the contrary, they 
now ſtand erect, and thus fill the whole cell 
from top to bottom. Theſe Worms about this 
time, cover the inſide of the cell, from the 
lower to the upper part, with threads; in which 
work, however, this difference deſerves parti- 
cular notice, that is, that the web, which lines 
or ſurrounds the foundation and fides of the 
cell, is more membranaceous, but that which 
is on the extremity more thready. This differ- 
ence ariſes becauſe the Worms do not always 
ſpin complete webs, but ſometimes diſcharge 
on the filaments, or thread already (pun, a great 
quantity of the gluey matter, which ſhould 
have made the threads, and by this means daub 
or waſh it as with glue. This I have likewiſe 
often ſeen in other inſets; nay, I have had the 
good fortune to obſerve it even in the Silk- 
worms, however rare or uncommon it may 
ſeem; for whenever any little knots occur in 
ſilk thread, theſe are owing to the diſcharged 
matter which has flowed out too plentifully 
together. Nay, if the imperfect Silk-worm 
when expanded, be glued to paper, it does not 
_ thready, but alſo membranaceous ; this 
read is nothing elſe but a ſoft extended ſilk, 
afterwards hardened by force of the air. It is 
remarkable in the Silk-worms, that water alone 
has the power to diſſolve their unſpun filky 
matter; whereas, on the contrary, ſpirit of 
wine, vinegar, and other ſuch liquors will coa- 
= it immediately, In like manner as the 
orms of Bees, and thoſe of Hornets perfect 

their web from ſpun threads, / it is indeed ve 
beautifully and wonderfully finiſhed in the od 
It is perfectly white and fine above, but it is all 
membranous and yellowiſh below. In regard 
to their work, I obſerve this further difference, 
that the Worms of the Hornets do not draw 
all their webs to the ſame height, as the 
Worms of the Bees do ; and hence it happens 
that their cells differ very much among x - 
ſelves in reſpe& to height. Their webs alſo 
conſiſt of ſtronger threads, and are of a rounder 
figure, and uſually drawn higher than the Bee- 
webs, nor are they ſealed up with wax, as is 
common in Bees. The ſeventh figure ſhews 
the web, prepared by the Bee-worms ; it is 
formed above into a ſpherical figure, and has 
very conſpicuous filaments, Tab. XXIV. fig. 
VII. c; but on the lower part à it is membra- 
naceous and much thicker ; and at length it 
becomes triangular, towards the baſis of the 
cell, and exhibits a tranſparent Nymph 3 on 
the infide, 1 
Afier 
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After the Worms of Bees have brought their 
webs to this degree of perfection, the working 
Bees have new bufineſs, for it is then incum- 
bent on them to cover with wax all theſe caſes 
which are arched as it were over the head of 
the Worm, and conſequently to ſeal up the 
Worm itſelf with the greateſt circumſpection 

and exatneſs in its cell. This caſe ſeems to 
me to be altogether neceſſary, for if the web 
was not covered and ſealed up above with wax, 
it might poſſibly be preſſed in by the Bees run- 
ning up and down thereon, and. conſequently 
the ſubjacent young and tender members of the 
Worms which cal their skin a little before 
might be injured: beſides that, the operculum 
or cover of wax contributes much to preſerve 
the heat, by the aſſiſtance of which, both the 
evaporation of the ſuperfluous moiſture, and the 
ſubſequent change of the Nymph into a Bee 
are promoted. The web we have hitherto 
been deſcribing has alſo this further uſe, that 
at the time the Bee-Worm changes its skin, 
and diſengaging itſelf from the latter, is tranſ- 
formed into a Nymph, it is then prevented 
from ſlipping out of its cell, which might very 
eaſily happen if the cells were not covered or 
thus ſhut up, as I myſelf have learned from 
experiments. I at one time carried ſome of 
theſe Worms about me, which being as it 
were hatched by this heat alone, came to 
that perfection, that the Nymphs aſſumed the 
form of Bees: I then ſaw theſe Bees runnin 
quickly up and down in my box, ſo that 
could not really help admiring what had hap- 
pened : and from this experiment I learned 
one thing, and that is, that I might thus know 
for certain how much time was neceſſary for 
the Nymph to grow into a Bee ; but I have not 
as yet been able to inveſtigate this matter fully, 
being then engaged in other neceſſary buſineſs. 
I have hitherto only obſerved the changes which 
happen under the time of growth, and at the 
ſame time I have thus experienced, that heat 
alone will hatch Bees, and the incubation or 
ſitting of other Bees is not neceſſary, as ſome 
authors have feigned. I began the experiments 
juſt now mentioned about the end of Septem- 
ber. If the web I have deſcribed be cut open 
in that part where the head of the encloſed 
Worm is placed, the Worm afterwards will 
come out of it there, when upon changing its 
skin it is transformed into a Nymph. 

The Worm after it bath covered itſelf with 
this web remains entirely at reſt, and does not 
move in the leaſt ; it keeps the place which it 
at that time filled, and remains quiet to the 
end of its transformation. But if the diſſection 
of the Worm be undertaken at that time, be- 
ſides the cæca or cloſed veſſels before deſcribed, 
there alſo appear a great number of very ſlender 
veſſels, which are ſituated on the inteſtines near 
the pylorus, where the cloſed veſſels are inſerted, 
and ſeem to me to be of the ſame nature with 
thoſe veſſels which Malpighius calls vaſa crocea, 
the ſaffron coloured veſſels in the Silk- Worms. 
At the ſame time the cæca or cloſed veſſels 


themſelves are ſeen. Whether theſe very de- 
licate veſſels are in the Worm from the begin- 
ning, and afterwards only increaſe with its 
growth, does not yet appear. But if they be, 
they are much larger in the Bee than they were 
in the Worm: I have never found them of a 
ellow colour in Bees, as I have done in the 
homble Bees. I have ſometimes ſeen the ex- 
crements lie coagulated in theſe veſſels in the 
females, and indeed occaſionally in the com- 
mon Bees. I find great difficulty to diſcover 
the real uſe of theſe cloſed - veſſels, whether 
they ſecrete a particular humour in their ca- 
vities, which muſt be diſcharged out of the 
body, or ſuch a liquid as changes the contents 


of the other inteſtines ; or are they analogous 


to the cæca which are found in other animals; 
but particularly in Birds and in Rabbits? The 
uſe of the cæca in other animals is not yet ſuf- 
ficiently known, yet it is certain that excre- 
ments of the ſame with thoſe of the great guts 
are found in plenty in them. Had not theſe 
veſſels been ſo regularly divided into four, and 
had they been of ſuch a length, and inſerted 
even into the inteſtine under the ſtomach, one 
would incline to confider whether they did 
not belong to the bladder of poiſon of the 
ſting, which I ſhall afterwards deſcribe in 
the common Bee; but this doubt may be eaſily 
ſolved, if one ſhould diſſect the Worm of a 
male Bee. The time for getting theſe Worms 
is now paſt, ſince I am now writing this on 
the firſt day of September. 

Further, in this ſtate of the Worm the ſto- 
mach is much more contracted than it was 
before, and appears like a ſmall gut: it is of a 
whitiſh colour, and its yellow contents now 
diſappear, being totally waſted. We likewiſe 
obſerve, that when that Worm is but a day, or 
half a day older, its ſtomach becomes ſhorter ; 
but the vaſa crocea, or yellow veſſels, are much 
ſtronger and more viſible, A little below the 


place where the vaſa crocea are inſerted, the 


reat guts may be ſeen more beautifully than 
in the Worm that is not yet covered in its 
cell, Theſe are joined to the ſtomach, and 
now become ſomewhat longer, and begin to 
bend or turn themſelves. Behind theſe are ſeen 
one or two parts ſo tender that they cannot be 
accurately examined. | 
The fat that is found in the Worm when in 
its web, very eaſily ſeparates from its mem- 


branes: hence it happens that the contracted 


pneumatic veſſels become at this time more 
conſpicuous. 


The Worm whilſt at reſt in the manner juſt 


mentioned, ſwells conſiderably about the breaſt, 
but not ſo much about the head; and after 


this it begins likewiſe by degrees to grow 
thicker, and to ſwell out about the ac. and 
third annular inciſion: the reaſon of this is, 


becauſe the limbs of it which have increaſed in- 


wardly, are inſenſibly diſtended with fluids. 
We likewiſe here ſee the legs and wings, after- 
wards the head, breaſt, belly and trunk, and 
finally, the whole form and ſtructure of the 
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Bee that is to be produced from thence, all 
chewing itſelf under the ein. Bot the legs 


are bent as if were folded up, 
and are weak and very tender: the muſcular 
fibres likewiſe are like glue, and they appear 
fluid like water, on account of their abundant 
moiſture, ſo that they can by no means move 
themſelves: ſo great is the extenſion and in- 
flation which they undergo, fo that for this rea- 
ſon, incomprehenſible changes muſt afterwards 
happen in them, Nor are theſe followiig 
changes peculiar: to the muſcular parts alone; 
they are obſerved alſo in the nerves and in the 
ſpinal marrow, for they are likewiſe ſubject to 
very viſible extenſions, tranſmutations, contrac- 
tions, and even tranſlocations. This is no 
where more manifeſt than in the Perla, or 
Dragon. Fly, of Mouffet, and in the Ephemerus, 
when theſe little inſets change their forms; 
for in the Perla the ſpinal marrow is extended 
ſo much that it becomes twice as long as it was 
in the Worm ; and ſomething ſimilar is like- 
wiſe obſerved in the optic nerves of the Snail. 

The legs in particular, and alſo the horns and 
trunk *, are then very conſpicuous when the 
Worm of the Bee is diſtended ſo much; and 
by the ſame means the whole figure of the in- 
cluded Bee becomes, by degrees, viſible through 
the skin, and all the diviſions of the head, 
breaſt, and belly come in fight. But at length, 
when the skin opens along the back, and the 
skull of the Worm ſeparates in three places, 
there the Worm aſſumes the form of a Nymph, 
that is, it after this change ſhews out beauti- 
fully, and more perfectly formed, the limbs and 
parts that were before hidden: hence all the 
parts may be ſeen there more clearly and di- 
ſtinctly than in the Bee itſelf; ſince that fea- 
ther-like down which is ſeen on Bees, is at this 
time in the Nymph. The ſtructure of the 
trunk is likewiſe remarkable, and is moſt ma- 
nifeſt here in all its parts ; and therefore it can, 
on account of its ſituation and immobility, be 
much more elegantly and clearly diſtinguiſhed, 
than when this little inſect is become a perfect 
Bee, or hath been transformed into the flying 
ſtate, by a real growth of the parts, not a fic- 
titious metamorphoſis, according to the fanciful 
and viſionary opinions of authors who have 
written to this time. All the changes of in- 
ſes are no more than a flow accretion of the 
limbs and parts, and therefore are analogous 
not only to thoſe of other animals, but alſo to 
thoſe which we obſerve in vegetables, as has 
been before ſuthciently explained and demon- 
ſtrated at large. 

The creature is in this ſtate of the Nymph 
exceſſively, nay, amazingly tender; for almoſt 
all its limbs are extended and inflated with 
abundant humidity ; the former skin is thrown 
off, the pulmonary tubes in the body have 


Since this author wrote, the French naturaliſts have made many nice inquiries into the ſtructure of this inſet. They in 
2 confirm the doctrines he has eſtabliſhed, but in ſome points they have improved on them. They have diſcovered that 
eſides the trunk, the Bee has a real mouth. This is ſituated in the fore part 
reat difficulty. By means of this the Bees are able to feed upon the farina of flowers, from which afterwards is made wax. 
This author thought they could not feed on it, becauſe it could not paſs their trunk; but I have taken out of the ſtomach of a 


Bee the farina of a bean flower in its proper form. 


* 
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tubes, whilſt they are caſting their integutnentz, 


time, by art. The ſtomach wonderfully ſhews 


len with new air; nay, it is wonderful and ut- 
rerly incomprehenſible, that the pulmonary 


t off ſimple membranes, but as it 
were entire veſſels compoſed of annuli or rings; 
ſo that by this means the internal pulmonary 
tubes which have ſeparated from the other, 
are thrown aut of the body at the external ori. 
fices or points of refpiration, having the fame 
form with thoſe which remain in the body, 
In the ſame manner likewiſe the ſtomach and 
gullet, and the inteſtines through the whole 
body change their skin; which, however, is 
very difficult to obſerve, unleſs one ſhall im- 
mediately examine the exuvia or skin when it 
is juſt caſt off; or better, if we know how to 
take off the skin from ſuch a Worm, at a fit 


do not 


this in the Worms of Hornets, for theſe in 
like manner diſcharge their contents or excre- 
ments, and together with them the whole in- 
ward coat of their ſtomach, which is of 3 
purple colour, fo that the little maſs ejected 
weighs ſometimes more than three grains, 
From the number of ſuch coats/ as are found 
compacted in the cells of the Hornets, and laid 
on one another at the bottom of the cell, it 
may be very certainly computed, how ma 
times the Hornets have brought up their off- 
ſpring from the Worm ſtate in the fame cell. 
In the Worms of the Bee it is particularly 
remarkable, that when they are changed into 
Nymphs, all their limbs and other parts, their 
legs, wings, horns, and proboſcis or trunk, and 
all the reſt of the body have pulmonary tubes: 
theſe tubes are likewiſe filled with air at the 
time their limbs and other parts are ſwelling, 
and by force of this air they likewiſe promote 
the due expanſion of the ſeveral parts : this is 
ſeen moſt eminently, when the Nymph, by 
changing its laſt skin, becomes a perfect Bee. 
In the Cameleon, which is the only ſangui- 
ferous animal that has lungs, which agree in 
ſome reſpect with the lungs of inſets, by rea- 
ſon of their branching pipes, the propelled air 
is likewiſe of the fame uſe in expanding or 
diſtending the parts. But it is only for the 
purpoſe of extending the creature's tongue that 
this happens in that creature, though there are, 
beſide this mechaniſm, ſome muſcles that like- 
wiſe contribute to the thruſting out this tongue: 
it chiefly, however, depends on the air whi 
is forced out of the lungs for that purpoſe, into 
the double cavity of the tongue. I have like- 
wiſe obſerved the organs of hearing, and the 
ſpleen in the Cameleon, however boldly ſome 
very induſtrious gentlemen in France, who have 
publiſhed the anatomy of the Cameleon, may 
aſſert that it wants theſe parts. Theſe authors 
have likewiſe committed great errors in 


the head, and may indeed be ſeen without 


to 
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to che cornua or horns of the uterus, ſince 


they have neither accurately delineated nor 
exactly deſcribed them. The pulmonary tubes 
alſo are not repreſented acute enough by them. 


I would not however have any perſon think I 


ſay this from a love of cenſure, ſo far from it 
that my ſole view is that the true face and diſ- 
ſition of nature may be expoſed to the eye. 
vwiſh othets may paſs the like cenſure where 
due on my works; nor do I pretend to doubt 
but I have committed many errors; it is ſuffi- 
cient for me that I can moſt freely aſſert, that 
I have not wilfully deſigned to miſlead the 
reader in this treatiſe, I likewiſe think the ſame 
of ſome other, but very few authors; for the 
deſire of writing is ſo prevalent now-a-days, 
that men publiſh books filled only with the 
fancies of their brain, and thus miſrepreſent God 
and his works; heaven forbid that I ſhould 


ever do this, truth and a religious ſcrupulouſ- 


neſs of mind ought every where to prevail in 
deſcribing natural things, becauſe they are the 
books of the divine miracles, unleſs he who 
writes aims to deceive himſelf and others, and 
ſuch a one ſhould know that all things are 
revealed in time. 

Let us now return to our ſubject. Theſe 


Worms then weave over or cover the inſide 


of their cells with threads, they alſo diſcharge 
their excrements into theſe cells, and there 
at the ſame time, caſt a thin skin and their 
old pulmonary tubes: hence if all theſe things 
be done ſeveral times over, that is, if in the 
cells of the ſame hive, freſh eggs be laid and 
young Worms be contncalls ethed in a 
ſucceſſion for ſeveral years; the cells muſt ne- 
ceſſarily become from time to time leſs and 
narrower, and the Bees muſt be obliged to 
leave the old combs, and to build themſelves 


a more convenient edifice : the honey alſo _ 


that is lodged in ſuch foul and dirty cells, is 
not to be called virgin honey, nor the wax of 
the combs virgin wax. Since both of them 
abound with a great deal of filth, which ought 
to be ſeparated before they are fit for uſe. 
The honey which the common people uſe is 
very impure, for it is preſſed out of wax, 
after the purer part of the honey has run out, 
and it is accordingly fold at a low price “. 

If any perſon is deſirous to examine the web 
before mentioned, let him ſteep only part of 
it, together with the wax adhering to it, for 
ſome days in rectified ſpirit of wine; thus 
the wax will fall into little lumps, and the 
web will be manifeſt alone : if an entire waxen 
cell, while it is yet ſealed up with its Worm 
or Nymph in it, be put into rectified ſpirit 
of wine, then all the Nymph's little body, 
which is encloſed in the web, and cannot be 
taken out of it, but by cutting the web, pre- 


1s covere 


ſents itfelf to view. This contrivance where- 


by we ſteep and diſſolve the wax by ſteeping 
or ſoaking it in a proper fluid, in order to ſee 
the web, has this further advantage, that one 


may by this means know very exactly how 


many times the Bees have brought up their 


progeny in the ſame cell, for it is certain that 


as many webs as are found in one cell, ſo 
many eggs have been hatched there. When 
the wax is thus carefully ſeparated from the 
web by ſteeping it ſo that the delicate texture 
of it is not injured, the web will then be 
found to repreſent or expreſs very beautifully 
the hexagonal figures of the cell, particularly 
in the lower part, as may be ſeen in Tab. 
XXV. fig. 111. under the letter g. This web 
is likewiſe: about the baſis and angles of the 
little cell, always ſomewhat thicker and blacker 
than at the upper part, being there more 
membranaceous and of a yellower colour: 
from what cauſe this difference proceeds is ſtill 
a ſecret to me. If any one deſires to diſcover 
very ſuddenly the web ſo often mentioned, 
let him make the waxen cell boil for a mo- 


ment over the fire in ſpirit of wine, or in oil 
of turpentine. If an old cell be cut open 


with a diſſecting knife, we ſometimes obſerve 
the foundation of the cell, which is other- 
wiſe wonderfully thin and delicate, half as 
thick as the ſilver coin called an imperial, on 
account of the ſeveral webs, that have from 
time to time been laid on it. This condition 
of the web has impoſed on ſome ſo far as to 


make them believe, that every Bee builds its 


own reſpective cell, for they ſaw that all of 
theſe webs were ſevered from each other, 
when the broken wax was ſeparated from 
them, as one may eaſily try if he ſteeps or 
ſoaks the little cells for ſome days in brandy. 
The webs are alſo of this further advantage 
to the combs, that they make them much 
firmer and ſtronger, and hence one may with 
leſs danger, remove and carry elſewhere the 
hives in which the Bees have engendered for 
ſome time, than thoſe in which the wax is 
new. Beſides that the combs, ſtrengthened 
with theſe webs, do not ſo eaſily melt in very 
hot weather, or blend together, when they 
are turned upfide down. That the filaments 
or threads of the web may come in ſight 
more diſtinctly, there does not require much 
labour in preparing. it, for if one only cuts 
off the oper part of one of the cells, which 
with wax, with ſmall. ſciſſors or 

a fine knife, ſtrips it of the waxen cover, 
and then places it under the microſcope, it 
will appear moſt evident, from the diſpoſition 
and manner wherein the threads are placed 
over one another, that the Worm of the Bee 
does in reality ſpin. If an entire cell, ſteeped 


What is called rock honey in ſome parts of America, is the produce of a peculiar kind of Bee, lodged in a very ſingular 
manner. This Bee makes no regular comb, but notwithſtanding that, it preſerves its honey in waxen veſſels: the honey is clear 
as water, and very thin. The hang their cluſters of caſes to a rock ; one is firſt ner? and is very ſecurely faſtened ; then 
others are hung to that, in the manner of grapes in a-bunch. Theſe cells or caſes are larger than the b "geſt grapes, and ofan 


oval ſhape; each has at firſt an aperture at the upper part, in which the Bee puts the honey ; when it is 


| they cloſe this aper- 


ture: forty of theſe caſes will ſometimes hang together, and the honey is excellent, and in large quantity, 
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or ſoaked in ſpirit of wine, throws off the 
wax, then both parts of the web, as well 
that which is diſcharged in the form of threads, 
as that which is like a membrane, being now 
joined together, nay, the whole figure of the 
web, which is hexagonal below, and ſpherical 
above, may be ſeen. 
| Before I enter upon the deſcription of the 
Nymph more accurately, I ſhall beg leave to 
obſerve, that the Cochineal infe& if ſteeped 
or ſoaked for ſome time in ſpirit of wine, ap- 
rs almoſt like our Bee- Worm; its body 
tyre divided by many annular incifions : but 
there is this difference, that it is ſhorter and 
thicker than the Bee-Worm, and it alfo ex- 
hibits ſome veſtiges of legs. 
Worm, as I have heard and been affured by 
ſome who ſpoke poſitively, is produced out of 
an egg, which the parent inſe& lays on the 
leaves of that very well known American 
plant called Tuna, When theſe Worms are 
firſt come out of their eggs, they are as ſmall 
2s thoſe minute Worms which are newly pro- 


duced in cheeſe : they are increaſed afterwards . 


ſo much by means of the food, which they 
get from the leaves of this plant, that in a 
ſhort time they cover the whole ſurface : nay, 
they multiply to ſuch a degree that in the 
ſpace of one year, they will occupy or poſſeſs 


a field that has an hundred fuch plants, and 


may be collected from thence for exportation 
four or five times yearly, There muſt onl 
be care taken' that the plants be clear of all 
other inſets whatſoever, and that no fowls be 
admitted into the place ; for both will greedily 
hunt after and feed upon theſe Worms. When 
the owner is inclined to gather theſe Worms, 
he firſt confiders whether they are arrived at 
their full ſize, and then ſome throw aſhes on 
them, and bruſh or gather them off the plant, 
and then dry them in the ſhade: if theſe 
Worms are left longer to themſelves, they 
then fix themſelves to the leaves when they 
are about to change into Nymphs by accre- 
tion : and the Nymphs, caſting off ſome time 
after a thin skin, are changed into very ſmall 
and almoſt orbicular winged Beetles, of a 
brown black colour, adorned with bright pur- 
ple ſpots, and diſtinguiſhed into males and fe- 
males, who ſoon after coltion lay eggs again. 
Theſe Beetles are not, like the Worms, uſed 
in dying, though they are ſometimes brought 
to us mixed with Cochineal, as I myſelf have 
ſeen, and now have ſome that I picked out 
of that drug in my cuſtody, 

In our country alſo on the leaves of the 


lilies, Worms are often found which are 


ſomewhat thick and of a pale red colour, like 
Cochineal, but they differ from it in that 
they are furniſhed with fix remarkable black 
legs, and have a very conſpicuous head. Theſe 
Worms are transformed in a very ſhort time 
into an oblong bright red Beetle with black 
legs and horns. This Worm has one thing 
peculiar to it, which is that it covers itſelf 
with its own excrements againſt the ſun's heat, 


The Cochineal 
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and by that means renders itſelf in a manner 
inviſible; ſince it walks over the leaves of 
lillies covered with its excrements. I have 
likewiſe in my collection of inſets ſome little 
creatures not unlike the Cochineal Beetle, only 
that they are ſomewhat leſs and in ſome mea- 
ſure different in regard to their - colouring. 
Hence I am inclined to think that the Cochi- 
neal may probably be difcovered and fed in 
our country, though I have never yet found 
it. This ſpecies of Beetles, which have all 
knobbed horns, are by our country 

called Lieven Heers Haantjes, or Onze Vrou- 


wen Haantkens : but I ſhall now return to 


the Bees. - 


The Nymph of the Bee-Worm contains 


nothing elſe but an elegant diſpoſition and 
well-ordered repreſentation of all the limbs 
and parts of the future Bee ; which, as they 
have been to this time increaſing, at — 
become externally conſpicuous; but they are 
immoveable until the humours with which 
they are filled and diſtended are exhaled and 
diſſipated: after that the creature can move 
them. Hence it is that the Bee while in the 


Nymph weighs conſiderably more, than when 
it is changed into a perfect Bee. Before 1 
exhibit the parts and limbs of this Nymph, I 


ſhall deſcribe its parts while yet in the Worm, 
with more acc 
hitherto done by others. In doing this I ſhall 
follow the order according to which the 
Worm inſenſibly and naturally approaches to 
the change of its skin, or to the diſcloſure of 


theſe hidden members : it is as follows. The 


old skull, which is to be immediately caſt off, 
becomes inſenſibly filled with a limpid hu- 
mour, by force of which it is ſeparated by 
degrees towards the foremoſt parts from- the 
head ; hence the horns, teeth and trunk, which 
lie folded and complicated together under the 
skin, are diſpoſed in ſuch a manner, that they 


may be extended and inflated by the imbibed 
humour, all which happens gradually; in 


the mean time the head, which inſenfibly and 


in a manner ſcarce to be perceived, recedes or 


goes back from the skull, is gently extended 
and expanded ; this is principally occaſioned 
by the eyes and their adjacent parts being in- 
flated or diſtended with air, blood, and other 
fluids ruſhing in; the thorax likewiſe now 
becomes extuberant, by reaſon of the air and 
fluids introduced; as do alſo the legs them- 
ſelves in like manner ſwelling confiderably 
both above and under the thorax ; they are 
placed in 'a very elegant manner under the 
skin: the firſt or foremoſt pair of legs adhere 
underneath near the proboſcis, which together 
with all its parts is ſtretched upwards, to the 


head in ſuch a manner, that the extreme ends 


are in the upper part, and the thighs in the 
lower place ; then follows the ſecond pair of 
legs which are depoſited in like manner ; near 
theſe the wings are ſituated, whereof the leſs 


are placed by the ſides of the greater and a 


little under them ; then follows the laſt p_ 


and method than has been 
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which is ted in the ſame man- 
the firſt and ſecond were under the 
skin; all TITS. as far as they lie un- 
der the skin, are what wrinkled or folded, 
and they are by this means above one half 
ſhorter than afterwards when the creature is 
changed into a perfect Nymph ; for when the 
Worm caſts it skin, theſe parts are conſidera- 
bly and wonderfully inflated and extended by 
force of the air, the fluids, and particularly of 
the blood : this extenſion of theſe parts is 
at the time when the Worm, by 
the means of a kind of periſtaltic motion, 
breaks open the skin by rolling it down, and 
is incredibly promoted by the parting exuvia 
or caſt skin ; for fince all theſe parts by means 
of delicate and minute fibres and filaments 
adhere looſely to the skin; hence the skin 
carries them with it as a kind of moveable 
cords, and the parts themſelves being by this 
means extended, roll in their turns from the 
skin in the ſame manner as a cord runs out of 
its pully. This is the true reaſon why theſe 
parts are ſo regularly digeſted and extended in 
the Nymph, and are diſpoſed in ſo beautiful 
and firm an order and ſo wonderful a ſituation 
as I am now going to deſcribe, according to 
the figures which T have given. I ſhall firſt 
then ſhew in a ſomewhat ſmaller figure the 
difpoſition of the parts under the skin, a little 
removed from their firſt ſituation. Tab. XXV. 
. Iv. 48, are the horns, & the proboſcis 
with its parts, ee denotes the firſt pair of legs, 
under which is ſeen a ſecond ff, and then a 
third gg; b, ii are the larger and ſmaller 
wings of each- fide: & denotes the rings of 
the abdomen. I ſhall in the ninth figure re- 
reſent the ſituation of theſe parts in the 
ymph in a larger ſcale, | 
Fig. 1x. 4 Repreſents the Nymph's head, 
which being then diſtended with humours, and 
expanded by force of the impelled air, reſem- 
bles in ſoftneſs and tenderneſs, milk that is juſt 
curdled. In this manner the whole body and 
all the reſt of the parts are circumſtanced at this 
period. All theſe parts are of a milk-white 


of legs, 


ner As 


colour, and the whole inſect is without any 


the leaſt viſible motion; fo that in reality, it 
reſembles a dead carcaſe. 

6 6 Exhibit the eyes of the Worm, which 
now appears under the form of a Nymph. Its 
three ſmaller diſperſed eyes cannot be ſeen in 
this view, being placed more backward and 


higher in the head, in the middle between the 


larger eyes. The firſt change obſervable in this 
creature, when it becomes ſtronger by the eva- 
poration of the moiſture is manifeſted about 
thoſe ſmaller eyes, and about the large ones 


here figured 55. Their change conſiſts in this, 


that the eyes, by degrees and as it were, inſen- 


ſibly aſſume a faint purpliſh colour: at the ſame 
time is alſo diſcovered the ſemi-lunar figure of 
theſe large eyes, which one cannot otherwiſe diſ- 
cern, on account of the intenſe whiteneſs which 


obtains here, and the brightneſs of the ſurface, 
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e Are the antenne or horns which ſpring 
from the middle of the head, and are bent 
by force of the skin that is drawn down towards 
the belly ;- they are very elegantly placed near 


the proboſcis and its adjacent parts. Under the 


extreme ends of the horns are diſpoſed the 
three firſt joints of the firſt pair of legs 7 7. 
In the middle of theſe one may ſee numerous 
pulmonary tubes through the covering. 

d Denotes the lip, which is not yet remark- 
ably increaſed in its ſize, or diſtended. 

ee Are the teeth or jaws, which are covered 
in ſome meaſure by the lip. 

„ Shews the firſt pair of thoſe parts which 
belong to the trunk or probofcis: they have 


' likewiſe their pulmonary tubes, but above 


them and under the teeth is ſeen a certain por- 
tion of the third. or laſt pair of theſe little 
parts belonging to the trunk, which. are the 
ſhorteſt and ſmalleſt of all. 

g g Repreſent the articulated pair of little 

that defend the proboſcis, which are di- 
vided on each fide into three joints. 

þ Is the proboſcis itſelf, very beautifully ſitu- 
ated between and under the faid parts. But we 
muſt obſerve, that all theſe little parts are now 
furniſhed with tranſparent pulmonary tubes. 
When the little inſe& is approaching to its 
laſt change, and is in a ſhort time after to ob- 
tain the lem and name of a Bee, then all theſe 
pulmonary tubes become again for the moſt 
part inviſible. And the ſame thing obtains 
about the veſſels of the wings: which are then 
bound or tied up in ſuch a manner, that you 
would conclude them not to be pulmonary 
tubes but nervous fibres. | | 

i Exhibits the firſt pair of legs in the Bee, 
while it is ſtill called a Nymph. The three 
extreme joints of theſe legs may be ſeen under 
the extremities of the antennæ cc. 

E k Are two very beautiful, ſtiff, tranſlucent 

little parts, ſituated at the loweſt joints of the 
firſt pair of legs, and which ſeem to ſerve the 
Nymph only as an ornament ; for upon caſting 
the skin, they are thrown off and entirely abo- 
liſhed. 
T1 Another pair of the Nymph's legs, which 
likewiſe are full of tranſparent pulmonary 
tubes. Theſe legs, being, by means of the 
skin when drawn off, and by the power of 
the impelled air and forced humour, depreſſed 
and ſtretched beyond the middle of the body, 
are there very regularly placed. 

m m Are the wings of the Bee, ſtill conſti- 
tuted under the form of a Nymph; a part of 
which only we can hitherto ſee. Theſe like- 
wiſe have many pulmonary tubes, which, when 
this Nymph is caſting its laſt skin, are alſo, 
together with all the other parts, once more 
to throw off their exuviz ; after which, when 
theſe tubes are again diſtended by the freſhly 
impelled air, and the pneumatic veſſels which 
have been hitherto contracted, are inflated and 
diſtended with the fame air; it follows, that 
the whole wing afterwards expands itſelf and 
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becomes thrice, nay, four times larger than it 
was before. But this expanſion of the wings 
is not to be attributed ſolely to the air, but in 
a conſiderable degree alſo to the blood; for at 
the time when the air is impelled into the 
wings, and a conſiderable quantity of blood is 
likewiſe driven into the blood veſſels of the 
wings. This blood in the Bee is a limpid hu- 
mour or ichor, as may be obſerved, if a little 
part be at this time cut off from the wings; 
for then this humour flows from it, appearin 
by reaſon of the extreme ſmallneſs of the blood 
veſſels, under the form of little pellucid glo- 
bules, which, inſenſibly and by 8 in- 
creaſe into conſiderable little drops. e muſt 
obſerve here, that ſome of the Nymphs of 
Flies, when they are caſting their skin, not 
only expand their complicated wings, but alſo 
diſtend vaſtly their whole body : hence it ariſes 
that they appear twice as big as the 'exurve, 
wherein they were before encloſed. The ex- 
panſion of the wings in Butterflies is the moſt 
elegant of all the Ae of this kind that 
occur in nature; for in theſe creatures, the wing 
in the ſpace of a quarter of an hour, though 
at firſt not bigger than half the nail of one's 
little finger, becomes as broad as a half crown, 
and at the ſame time all its colours are aug- 
mented, extended, and regularly diffuſed : and 
hence indeed, an admirable fight is produced, 
which would appear the more wonderful if 
one had but the leaſt knowledge of the cauſe 
of it. For we certainly can know nothing of 
the magnificence of nature's ſecrets, unleſs by 
the help of an infirm and weak reaſoning we 
are able to paſs our judgment on the more evi- 
dent and palpable effects; but even this is 
ſubject to many errors. When the wings are 
diſplayed in the Butterfly, their air-pipes or 
pulmonary tubes are ſoft like warm wax, and 
the wings hang down that they may the more 
eaſily be diſtended with air and humours. 

Tab. XXV. fig. 1x. n Are the ſcapulæ or 
ſhoulder blades of the Bees Nymphs, which 
are ſomewhat ſharper a little lower. Under 
theſe are ſeen a pair of orifices, by which the 
air-pipes open into the breaſt. The air which 
is expelled. through theſe orifices aſſiſts in pro- 
ducing the humming noiſe which the Bees 
make with their wings. 

0 0 Exhibits the laſt pair of legs, which are 
likewiſe furniſhed with tranſparent air-pipes like 
little veins. 

5p Are the rings of the abdomen, in which 
ſeven apertures of air-pipes open on each fide. 
But I have not delineated theſe apertures in the 
preſent figure; ſince I do not yet know their 


true ſituation, for they appear very obſcure, 


becauſe only one colour is ſeen here. How- 
ever, I have obſerved in diſſecting the Nymph, 
that the mouths of theſe air-pipes terminate in 
the rings of the abdomen. I have ſeen alſo 
three ſuch orifices in the breaſt. I ſhall now 
mention ſome other things in the anatomy of 
the Nymph, which are pertinent to this matter, 


NATURE; or, 


7 q Exhibits the hinder or poſterior- parts 
the Nymph. The ſting of the future Bee is 
ſeen there ſomewhat protuberant out of the 
body, as are alſo thoſe. two little parts x, which 
accompany the ſting in the, common Bee and in 
the female. And laſtly, the arms appear un- 
* If all theſe parts be afterwards removed 
out of their places, then the diviſions of the 
head, breaſt and abdomen appear very beauti- 
fully in the Nymph, but moſt particularly thoſe 
of the breaſt : and thus we may at the ſame 
time beautifully ſee how the legs are jointed 
with the breaſt, which cannot be diſtinctiy 
ſeen in the Bee ſtate of this little inſect, on 
account of the great quantity of down rifing 
there. If the creature be then inverted fo as 
to lie on its belly, the three, great diviſions of 
the body are manifeſtly ſeen in it: and in the 
horny or bony parts of the thorax, which are 
ſtill membranous, and very tender numerous air- 
pipes are likewiſe obſerved. 2 
The firſt external change obſervable about 
the Nymph conſiſts in this, that its eyes inſen- 
fibly become of various hues. Firſt of all are 


_ diſtinguiſhed thoſe three remarkable ſeparate 


eyes, which, when the inſet lies on its back, are 
ſcen fixed between the ſemi-lunar curvatures of 
the larger eyes, as I ſhall hereafter explain more 
at large. And at the ſame time, the ſemi-lunas 
figure of the eyes is conſpicuous by their va- 
riety of colours. Nor can any other remark- 
able change be obſerved at that time in the 
Nymph, beſides this of colour, which occurs 
in the three ſeparate and in the ſemi-lunar little 
eyes. N 
When the eyes by degrees have grown pur- 
pliſh, then ſome ſmall changes are likewiſe 
ſeen about the body and legs; that is the horny 
or bony parts of the ſhoulder blades begin to 
acquire a yellowiſh tinge, ſomewhat inclining 
to a brown red : the horny or bony parts of the 
wings, legs, and the reſt, then afford alſo ſome 
ſmall ſigns of their transformation, 

Whilſt the colour of the limbs and parts 
is changing in the manner I have mentioned 
under their accretion, the purple colour of the 
five eyes become more and more brown, and 
at the ſame time we obſerve, that the claws 
of the feet become alſo horny or bony, and of 
a brown red : and this change is alſo obſerved 
about the teeth. 

In the mean time the eyes become, by little 
and little, more blackiſh, nor is there yet any 


diviſion in the coat that inveſts them on the 


outſide, though one may then eaſily ſee the 
diviſions which appear through the coat. The 
horny or bony parts of the trunk now alſo be- 
gin to grow black, and the horns, which are 
ſituated under the eyes, and the diſtin eyes 
above are more plainly ſeen. | 
The thorax alſo is about this time from 
a gray, manifeſtly changed into a brown- 
iſh colour: and we alſo ſee the whole 
body under the skin, diſtinguiſhed by ſome 
: * blackiſh 


% 


dome blackiſh ints, which are the rudiments 


of feather-like hairs. e 2667 
-- Whilſt the whole body is changing in this 
manner, it is altered or diſguiſed, and becomes 
more robuſt as it is increafing ; ſo that even the 
claws of the feet now evidently move within 
the skin where with they are ſurrounded ; but 
the moſt remarkable changes are obſerved about 
the ſting. For this ſting is hitherto an exter- 
nal part, though it may afterwards be, and ac- 
wally-is drawn back into the body : therefore, 
fince it is conſpicuous in the 'Nymph without 
any previous diſſection, one may eaſily obſerve 
its increaſe and perfect formation. The better 
to underſtand my obſervations on this part, I 
think it neceſſary to obſerve before-hand that 
the ſting, as well as all other parts of the body, 
changes its skin when the Nymph throws off 
the laſt exuvie : for this reaſon, the changes of 
the ſting may be diſtinguiſhed as clearly as thoſe 
that happen in the claws, legs, and the teeth. 
The firſt change, therefore, which is obſerved 
about the ſting, conſiſts in this, that its crooked 
little hooks, which neceſſarily remain fixed in 
the wound given by the ſting of a Bee, come 
in fight. For while the two ſide - pieces, and 
the caſe or ſheath of the ſting are yet mem- 
branaceous, or as it were cartilaginous,” theſe 
little hooks are diſtinguiſhed by their yellowiſh 
colour; and this colour is afterwards dif- 

by degrees through the whole ſting, whilſt 

in the mean time the ſharp-pointed ends of 
the two ſide- pieces of the ſting, are acquiring 
a horny or bony ſubſtance, and more dusky 
colour. The circuit alſo, or extremity. of the 
caſe or ſheath of the ſting, in like manner 
changes its - colour, grows hard, and becomes 
horn-bony. - And as the other parts ſtill retain 
their white colour, the ſaid changes ſtrike the 
es the more plainly : for we muſt obſerve 

x the ſing is, with regard to its colour, more 
conſpicuous in the Nymph, than it is aſter- 
wards in the Bee itſelf. Moreover, the two 
ſide- pieces, as well as the ſheath of the aculeus, 
are encloſed in peculiar membranes, which are 
thrown off in a moſt ſingular manner: hence 
one may very diſtinctly ſee theſe ſide- pieces in 
the Nymph placed near each other, which is 
by no means the caſe in the Bee; ſince theſe 
parts of the ſting in that ſtate of the inſect are 
hidden in the caſe or ſheath, as I ſhall hereafter 
deſcribe at large, and repreſent in figures. 
About this time, alſo, theſe ſeveral ** as well 
as all others, acquire each their laſt perfection; 
that is, the eyes, teeth, legs, claws, horns and 
the reſt : nay, the thorax itſelf inſenſibly be- 
comes during: this time more brown, and ap- 
proaches nearer to a horny nature, and grows 

very ſhaggy with ſtrong hairs. 7180 

The laſt change happens in regard to the 
ſtrength and colour of the wings: at the ſame 
alſo the proboſcis or trunk in like manner 
preſents itſelf to view in its ruddy or bright brown 
colour, and ſhews the hairs wherewith it is 
adorned. Thus all the ſuperfluous humidity of 
the Nymph being at length evaporated, it caſts 


a skin from all its parts, and after gnawing a 
paſſage through the web, creeps forth at length 
from its cell, in which it had hitherto lain, in 
its perfect form of a Bee. The wings indeed 
are at that time uſually complicated or folded up, 
and yet I ſometimes have ſeen them expanded; 
that is, when it hath been for ſome time detained 
in its waxen habitation, and hath not been able 
to creep out of it with ſufficient ſpeed : in that 
caſe we find that its wings have been firſt diſ- 
ayed within the little cell: all the ſpecies of 
lies appear in like manner, when freſh from 
the Nymph, with complicated wings. | 
When I diſſected the Nymph of the com- 
mon Bee, at the time that its colour juſt began 
to be viſible, upon opening the outer skin, I 
obſerved the fat ſeparated very eaſily from the 
air-pipes or Gy hes 3 which was like- 
wiſe the caſe about the outmoſt coat of the 
eyes, which has no diviſions. All the contents 
of the eye alſo were very ſoft. The inverted 
pyramidal fibres hereafter to be deſcribed, re- 
ſembled jelly made of veal. The brain was 
likewiſe ſo ſoft that being only very lightly 
touched, it immediately ſeparated from the be- 
ginning of the ſpinal marrow. The ſpinal 
marrow itſelf was there as well as. in the bod 
very ſoft and tender. Nay, and the three ſe- 
parate little eyes, which, as ſhall be made more 
evident hereafter, are placed in a triangular form 
between the divided eyes, after I had taken off 
the skin from them, andcan be diſtinguiſhed very 
clearly, The teeth were as yet membranaceous, 
nor did they ſhew any ſign of hardneſs, or of 
their being of a horny or 'bony nature; they 
abounded within with a mucous humour, upon 
preſſing out which they ſeemed hollow. The 
Jaws in human abortions ſix months old, like- 
wiſe ſhew membranaceous teeth, which how- 
ever in various places are obſerved to be grow- 
ing into bone. ly” 2 
In the thorax all things are at this time 
amazingly ſoft and tender. The muſcular fi- 
bres may be ſeen. very diſtinctly, and in ſome 
meaſure as if ſeparated from each other; but 
they are ſtill ſo exceſſively delicate, that being 
but very gently touched, they immediately quit 
the place where they were fixed: moreover, 
they are at this time ſhorter than in the ſame 
inſect when it is changed into a Bee. Indeed, 
Jobſerve that all theſe muſcular fibres are at 
firſt contracted in the ſame manner by nature, 
and that in ſpite of her, as it were, they are 
afterwards. extended by the blood and humours. 
This is probably the reaſon why theſe fibres 
endeavour to contract themſelves continually, 
and that even a long time after the death of the 
creature. This ſhortneſs of the muſcles in 
creatures not yet brought forth, is occaſioned 
by the inveſting membranes, binding up their 
bodies ; and hence it happens that the blood 
and air are prevented from diſtending the muſ- 
cles ſufficiently. We have before mentioned 


ſome ſingular and obvious examples of this 


matter in inſects, Which are ſeen as ſoon as 
thoſe creatures come into the open air. The 
B b b 5 fat 
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fat alſo very eaſily in this diſſection of the 
Nymph quitted its connefting membranes and 
the pulmonaty tubes, and, by its friability, pre- 
ſently hid the other parts ſight, for it 
divided and diffuſed or ſpread itſelf into innu- 
merable white parts of different bigneſs, Be- 
tween this fat were likewiſe ſeen the prieu- 
matic veſſels, not much changed from that 
SO which they had before in the Worm, 
when it was about to caſt its «kin, 

The ſtomach in this Nymph appeared till 
ſomewhat long, for it had not wholly con- 
tracted or drawn up the length which it has in 
the Worm, into the pyriform figure which it 
wears in the Bee. All the reſt of the viſcera 
of the body were already formed and conſi- 
derably increaſed. The inteſtines were very 
elegantly conſpicuous, and of moderate ſtrength, 
but they were filled with watery contents, nor 
did they yet contain that green ſubſtance, which 
is to be found in the inteſtines of the more 
mature Nymphs, and thereof the green colour 
is evidently ſeen through the body and heart in 
the hack. The ſame thing obtains in calves 
whilſt ſtill in the cow's belly, and the contents 
of the inteſtines in them in like manner change 
colour. It is alſo very remarkable here, that 
ſuch hairs are found intermixed with thoſe ex- 
erements, as the mouth and body of the calf 
is covered with; and this argument moſt evi- 
dently demonſtrates, as I have obſerved before, 
that theſe animals convey the food while in the 
uterus through the mouth ; nay, and take in 
the hairs which they licked off the ſurface of 
their body, together with the fluid of the 
amnion. The vaſa crocea, or yellow veſſels alſo 
wy be very eaſily diſtinguiſhed in this Nymph, 
and ſeparated eaſier from the inteſtine, than in 
the Bee arrived to its full maturity ; for, be- 
fides the friability of the fat, the membranes 
are yet very tender, and the pulmonary tubes, 
to which theſe veſſels are connected, are very 
weak. The internal parts of the ſting alſo, 
which are not vifible on the outſide, may be 
now very plainly diſtinguiſhed. It was further 
admirable to fee in this diſſection the acu- 
leus or ſting, which afterwards becomes ſo 
ſharp-pointed, hard and formidable for wound- 
ing, is ſtill very ſoft and tender, like a thin 
membrane, and is likewiſe filled with an aque- 
ous humour, which naturally flows out of it. 
The poiſon bag * of the ſting was contracted, 
and its cloſed tubes, by the help of which the 
poiſon is ſecreted and conveyed into the bag, 
may now alſo be difcerned. 

But as all the parts hitherto mentioned were 
extremely ſoft and yielding at the time of this 
diſſection, ſo, on the other hand, the produc- 
tions of the wind-pipe, or little pulmonary 
tubes, preſented themſelves more diſtinctly to 
the view. The reaſon of this, as I have be- 
fore obſerved, is certainly that the fat and the 
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theſe parts with the utmoſt:eaſe: we lay open 
the to the to 
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ſame experiment may alſo be made i 
manner, viz. a fine glaſs tube may 


except the tubes that convey the air, may 

waſhed out of the body. This may likewiſe 
be done alſo in the Worm, when it is on the 
point of changing its skin, and then being 
blown up with air it may be dried and pre- 
ſerved. The ſame experimen | 


if you waſh off the outermoſt ſubſtance of the 
melt through the vein, and then cut away with 
a fine knife the exterior coats from the melt 
when dried, you will have a moſt curious pre- 
paration. At this time we have a moſt beau · 
tiful view of the ary tubes, and theit 
ramifications in the Nymph of the Bet; ſo 
that they may with very little trouble be 

ed and diſtinguiſhed from one — 
appearing plainly in the belly, and three in the 
breaſt on each fide. The firſt pair of theſe 
open with fair apertures on the outſide in the 
breaſt near the neck; but before theſe two 
tubes aſcend from thence towards the head, 
having firſt taken a wider circuit, they join toge- 
ther, and then in two very diſtinct branches, 
like the carotid arteries in man, they again aſ- 
cend towards the head, : inſerting themſelves in 
the brain, the eyes, the horns, and the teeth. 
The next two orifices are opened under the 
ſhoulder- blades, and the laſt under the wings. 
Some branches likewiſe, and thoſe very di 
cernible, run different ways out of the breaſt 
towards the legs and wings; and theſe at the 
laſt changing of the skin aſſiſt greatly in the 
unfolding of theſe parts, as I have 

obſerved. In the belly I could not ſo accurately 
diſtinguiſh the orifices of the pulmonary tubes 
on the outſide, for there they ſeem to be in» 
ſerted obliquely, like the urinary paſſages" in 
men and quadrupedes. But however, in the 
inſide of the body their inſertions are extremely 
obvious: this may be ſeen alſo even on the out- 


poſition of theſe pipes in the body, I have al» - 
ready ſpoken of it elſewhere, and ſhall explain 
it farther in a ſucceeding chapter. 


The poiſon of the Bee ſeems to owe its miſchievous efficacy to certain pungent ſalts. It may be eafily ſee to con i 


Let a Bee be provoked to ſtrike its ſting againſt a plate of glaſs, and there will be a drop of the poiſon diſcharged and left upon 
the glaſs. This is to be placed ct, ouble microſcope, and as the liquor evap 5 the {tes will concrete. They form 
oblong, pointed, clear cryſtals, but the quantity of fluid is not enough to let them diſtinctly. . | 


* 
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The Nymphs of Bees, after they have con- 
tinued ſhut up in their little waxen cells for a 
ſufficient time, and till the entire evaporation 
of the redundant moiſture, ſhed at length their 
laſt ſkin of all, which accordingly is found in 
the bottom of the cell, together with the former, 
which they have thrown off during their exiſt- 
ence under the form of a Worm. Having thus 
caſt their coats, they then n by 
the afliſtance of their teeth, and at the ſame 
time forcing their way through the wax that 
is faſtened n above to the web, and burſt- 
ing it into ſeveral jagged pieces, they throw it 
off on all fides ; after this other Bees carry theſe 
broken away, and clear the cells fo 
thoroughly, as to make them quite ſmooth and 
even. The male, as well as the female Bees, 
force their way alſo out of their cells, in the 
fame manner as the common or working kind, 
and all undergo the ſame This remark- 
able difference, however, is to be obſerved, that 
the common Bees, and of the male kind alſo, 
uſually come forth, as already obſerved, with 
their wings then folded up; ſo that after they 
have burſt through their webs, their wings re- 
main yet to be ded, by the force of air 
and humours impelled within ; for, as has been 
already obſerved elſewhere, thoſe large veſſels, 
which are perceived in their wings, after the 
manner exhibited in Tab. XXV. fig. x, are 
without. doubt the tubes that convey the air. 
Cloſe to them alſo are placed the blood veſlels, 
which bring the nutriment to the wings. This 
obſervation I have made is highly worthy of 
notice, ſince it moſt evidently diſplays the won- 
ders of God, in the inſect world, and at the 
fame time utterly overthrows thoſe impious 
notions, that theſe creature are generated from 
putrefied matter, and by a certain fortuitous 
concourſe of pafticles; for if we grant that, 
the eſpouſers of thefe notions take occaſion 
thence moſt perverſely to carry on the argument 
to large animals, and in a moſt offenſive and 
indecent manner leſſen and detract from the 
providence and omnipotence of God, which 
are univerſally and equally manifeſted. in every 
2 of animals without exception. In truth, 

the moſt minute creature is capable of being 

ed from putrefaction, nothing hinders 
but that the largeſt of all may likewiſe. _ 

The female Bees do not, as the common 
Bees and the male, come forth with their 
wings folded up, but expanded and diſplayed: 
they come out of their cells in a ſtate of flying. 
On this account, the all-wiſe Author of na- 
ture has provided for them a more ſpacious 
manſion, in which they may expand their 
wings conveniently and properly, ſo that after 
they have burſt from their cells, they ma 
be prepared for ſwarming immediately, 
there be a neceſſity for it, or that the young 
female may be in a condition to drive out even 
the mother Bee herſelf, that is the old female, 
and to take her place, if there be occaſion. 

I am fully. perſuaded that the reſt of the 
Bees know be forehand, by ſome ſure ſign, when 
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the new female is employed in breakingthrough 

her cell; and, accordingly for ſome days before 

they form a new colony or ſwarm, we fee a 

great many Bees hanging about her cell, 

which are no doubt waiting for the female's 

iſſuing forth, and when ſhe is juſt on the point 
of coming out, make a buzzing with 

their wings, which is the ſong of Bees, re- 

ceive and ſalute her at à diſtance as it were 

with marks of joy. I make no doubt but that 

the males are moſt concerned in this buſineſs ; 

not .unlike wanton horſes, who, when they 

ſee the mares, though at a diſtance, neigh after 

them, and inſtantly pre themſelves for 

leaping. This is the caſe likewiſe in the males 

of Silk-worms, which, before they ſo much 

as ſee the female, yet immediately, as ſoon 

as they get the ſcent of her, by * help of 
their wings ſet up an agreeable humming; and 
ſo irritated are they with a burning . deſire 
for copulation, that they will frequently-copu- 
late with the females even when dead, nor 
can they without force be torn off. However, 
I do not believe, that the male Bees — 
copulate with the female, though indeed 

love to get as cloſe to her as they can, becauſe 


thus they feel a titillation ariſing from the 


emiſſion of their ſperm. For I am firmly per- 
ſuaded, that the male Bees eject their Land 
in the ſame manner as Fiſhes, who — ſhed 
it upon the ſpawn, nor have any thing further 
todo with the females. It would be no difficult 
matter to make certain experiments, in all theſe 
particulars ; as to try for inſtance whether the fe- 
male Bee, encloſed in a little net made of fine 
thread, or in a ſmall glaſs veſſel covered with 
a piece of fine linen, or in a box with holes 
in it, could be i by the bare ſcent 
of the male. But of all theſe things I ſhall 
hereaſter treat more at large. I think it ne- 
ceſſary, however, to add this ſingle obſervation, 
that the laſt humming or noiſe which is heard 
in the hive, a little while before the Bees are 
going out to ſwarm, is raiſed by the female Bee 
alone, ariſing to be ſure from her joy in feeling 
herſelf then impregnated, and being ſenſib 
that ſhe is ſoon to make an excurſion; fince 
the found, which is then heard, is owing only 
to one Bee, and that no other than the rfew 
Ueen. | | 

I once found a female turned quite upſide 
down in her cell, and yet perfectly formed 
with her wings already expanded for flight. 
She had been a ing a pa on the op- 
poſite ide of her cell, endeavouring to break 
through the middle wall of the comb itſelf, 
great part whereof ſhe had already eaten 
through : ſhe ſeemed as if ſhe would be 
able to get out of the cell in a few days. In 
theſe difficulties I came to her aſliſtance, and 
at the fame time got myſelf a proper ſubject 
for diſſoction. When the Bees begin to perceive 
that the female is near coming out of her 
cell, I make no doubt but there muſt ariſe a 
very remarkable commotiog, in the hive, as 


well 


: 
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well amongſt the younger as the older Bees; 
for the young follow the new- born female, 


and the others remain with the elder; nay, 
many both old and young hang together idly 
round the ſame female. This diviſion into par- 
ties is not owing either to choice, or any ruling 
power or authority among the Bees, nor is it 

formed with thoſe fancied ceremonies of 
— and a numerous retinue of old and 
venerable Bees ranged in order, accompanied 
with the harmonious ſounds of trumpeters, 
hautboys, and muſicians, or in the tremendous 
preſence of executioners ſtanding around, as 
authors have feigned, ingeniouſly indeed, bat 
derogatory to nature. Nothing like this is the 
caſe : there is doubtleſs implanted in them a 
concern for breeding up their young, which 
inſtin& makes the Bees flock in this manner 
round the female: nor have the tribe of 
ſlaves, I mean the working Bees, any other 
task afligned them, as. they are capable of 
being moved by that incentive only, and direct 
all their actions to that end, though in truth 
the labour is very great, which they muſt un- 
dergo in breeding up the young, and continual 
ly building the cells deſtined for them: How- 
ever they are amply repaid, ſince in their 
turn, in place of a rich reward, they feed on 
delicious honey, which they collect with in- 
defatigable diligence ; for nature, in this their 
— 7 Nate of life, makes every thing to 


be purchaſed with labour. I could wiſh there- 


fore that this example had the weight it de- 
ſerves, in inſtructing and teaching us that God 


| might be glorified in all his works. 


Were the working Bees furniſhed with the 
organs of generation, or any thing analogous 
to them, we might conclude, not without 
probability, from their actions, that — were 
actuated with the moſt ardent luſt to the act 
of generation, and ſolely by this incentive 
animated to perform the ſeveral tasks aſſigned 
them. But ſince they are ſupplied with none 
of the parts requiſite for that office, they can 
have nothing elſe in them, but an innate de- 
fire for the propagation of their ſpecies, which 
inflames them with ſo earneſt a concern for 
breeding up the young, and with fo ſingular 
an affection towards the female, the common 
parent of all. This will appear evidently, if 

ou take this queen ouref the hive, and tie 
2 to the end of a ſtick, by a thread run 
through one of her wings, and then ſuffer the 
ſwarm of Bees to fly about her; for they, 
following the queen cloſely, will all of them 
by degrees ſettle on the ſtick, and by the help 
of their legs cling to one another moſt ſur- 
priſingly, ſo that they reſemble, as it were, a 
complete bunch of grapes. When they are 
piled up together after this manner, they will 
ſuffer themſelves quietly to be carried up and 
down over a whole garden, nor do the work- 
ing Bees in the mean while ſtir from their 
queen, as I myſelf found by a careful experi- 
ment I made. If at this time any other Bees 
fly up to this numerous cluſter, an obſerver 


will ſce plainly, that the; immediarly Rich 
after the queen wich fach ch 


gation of their ſpecies ; for they endeavour 


immediately put into a drinking glaſs, placed 


om hence ſufficiently appears the prodigious 
affection they have for her, and for the propa- | 


to make their way through the middle of the 
bunch, as it were, that they may reach the 
female. In a little time afterwards they give 
over their attempt, and then, without inter- 
miſſion, continue flying from and back again 
to the cluſter. From theſe obſervations there. 
fore it is altogether manifeſt, that the ations 
of Bees of the three kinds, male, female, and 
eunuchs, ſpring from no other cauſe, but from 
a vehement and ardent concern, by which 
they are carried to the generation, preſerya- 
tion, and raifing of the brood, which, as it is 
alone the principle, ſo likewiſe is it the * 
of every thing the Bees do. If after this 

female be looſed again from the ſtick, and 


on the ground, or on a piece of tile, the reſt 
of the Bees, to a ſingle one, will inſtantly ſux- 
round her again, and beſet the place where 
ſhe is in ſuch throngs, that one can ſee nothing 
but Bees covering it on every fide. From 
this I think it may be inferred, not without an 
appearance of truth, that the female emits a 
very ſtrong ſcent, by which the reſt of the 
Bees are attracted to her. I obſerved this moſt 
evidently when I had ſhaken the ſtick, and had 
laid the female in the manner ahovementioned 
on a table, in an open arbour, at ſome diſtance 
from them. For this reaſon I formerly, before 
I was acquainted with the true ſtructure of the 
common Bees, compared them to a parcel of 
Dogs, which follow the female in her time 
of Juſt, excited by the bare ſcent ; however, I 
will not deny, but that there may perhaps be 
ſomething elſe beſides the ſcent in this act. 
ion of the common Bees, by which they are 
ſo greatly affected: they ſeem to imitate in 
ſome manner creatures that have been gelt, 
which, though they can do nothing, are not- 
withſtanding inflamed with a prodigious bat 
for the female. | eb 3 
As therefore it is generation alone by which 
the Bees are excited to all their actions, ſo this 
great cauſe, whenever it happens to be inter- 
rupted, is the ſole motive from whence all the 
confuſion at times obſerved in the hives ariſes. 
If the female Beebe barren, or maimed, crippled, 
blind, or deprived of its wings, neither mo 
nor wax will be collected, nor will the eggs be 
laid in the cells. There is in this caſe no occa- 
ſion for building cells for rearing up the 
brood, But if the female be properly N 
every thing is done in due order, and as the 
Poet ſays, i 3 2 
% While the ſovereign is ſafe, all live in 
e perfect harmony. Ving. 
A great diſturbance is alſo to be obſerved, 
whenever there chance to be two females in 
one hive, and one after another lays its egg 
, .n 
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in the ſame cell, for from thence ariſes not 
only a vaſt confuſion about the article of raifing 
the young, but a mighty inconvenience like- 
wiſe about the building of the cells. It ſhould 
be here conſidered further, that Bees, for two 
neceſſary reaſons, namely, the building of the 
cells, and the rearing of the Worms in them, 
attend, and of neceſſity muſt attend, the fe- 
male, at all times and every where; for if ſhe 
has by chance depoſited her eggs in an im- 

fe cell, the reſt of the Bees are obliged, 
by wich of their office as it were implanted 
by nature, immediately to make it complete, 
that the worm to be hatched may have room 
wherein to move itſelf, to eat, to _ its 
skin, and to ſpin its thread: whenever there- 
fore, which I would have obſerved particu- 
larly, the two females, each with her retinue, 
meet one another, and the Beesare hindered by 
it in their attendance and work, is it not eaſy to 
be imagined, there muſt ariſe a prodigious con- 
fuſion? where is the wonder then that they 
burn with fury, and, urged by love to their 
offspring, violently attack one another, deter- 
mined upon killing and deſtroying one or the 
other female? This is falſely aſcribed by 
authors to the divided government of two 
fancied kings, as if they could not live together 
with a joint power ; but this is an idle tale : all 
this fighting is cauſed ſolely by the propaga- 
tion being hindered : take away this impedi- 
ment, and the two females will live very ami- 
cably together ; for as they have not the uſe 
of reaſon, they are unacquainted with Virgils 
maxim, that a kingdom does not admit of two 


rulers *; 


For two pretenders oft for empire ſtrive.” 
D&ypeN's Virg. 


That this matter may the more eaſily be 
underſtood, I ſhall inſert here a rude kind of a 
ſimilitude. The republick of the Bees may be 
compared in ſome meaſure to a houſe com- 
priſing five thouſand bed chambers, in which 
there is only one woman, who yearly by the 
ſcent of the ſperm in ſome hundreds of men 
born within this houſe, and living in it for the 
ſpace of ſome weeks, is impregnated with a 
triple brood.. Suppoſe there were beſide in the 
ſame houſe ſome thbuſands of natural eunuchs, 
or virgins, who, employing themſelves in the 
finiſhing of the chambers, and ſtaying in the 
paſſages between the ſaid bed-chambers, con- 
ſtantly attend that woman, that they may ſee 
in which chamber ſhe firit brings forth a girl, 
a boy, or an eunuch; let theſe maids or eu- 
nuchs take care of and nouriſh this child that 
is born, as likewiſe all the reſt of them, which 
that ſingle woman afterwards in order, by 
going into each of the bed-chambers, is yet to 


be delivered of, and let the bed-chambers not 
be a whit larger than may be able juſt to 
contain the children, till they have arrived at 
their maturity. Theſe circumſtances being 
rightly underſtood, it is eaſily to be imagined 
what a horrid confuſion and diſcord would 
ariſe, were another woman likewiſe to get into 
this houſe, and the body of the eunuchs bein 
divided into oppoſite parties, to fight againſt 
the former woman and her attendants, reſo- 
lutely ſtriving to lay yet another child in any 
of thoſe ſmall bed-chambers. Muſt not thus 
the ſettled order of the oeconomy be neceſſa- 
rily ſubverted ? and muſt not all the inconve- 
niencies and broils that can be imagined ine- 
vitably ariſe ? 2 
Behold | this is the true ſtate of the Bees 
government. It may be proper to take notice 
alſo of this ſingle particular, that in this houſe 
yearly by that one woman alone are brought 
forth three or four younger females, ſome 
hundreds of males, and ſome thouſands of 
eunuchs; and that then ſome thouſands of 
theſe new- born eunuchs and males together, 
join themſelves either to the elder female, or 
to the firſt-born of thoſe four younger ones, and 
having left their original houſe, they build a new 
one ſolely for their own habitation ; but at laſt 
that cheſe eunuchs kill all the males, as ſoon 
as the female, who came out with themſelves, 
is impregnated by the ſcent of their ſperm, 
and after that they live with the female alone 
for the ſpace of an entire year. If all theſe 
things are rightly applied to the republic of 
the Bees, it will be no longer difficult to aſſign 


a reaſon for every action of the Bees, what- 


ever it be, ſuch as their building, raiſing their 
offspring, collecting of honey, and all the reſt. 

From what has been here faid, it evidently 
appears, that one female, and only one, is ne- 
ceſſary to, or can be ſuffered to ſubſiſt in one 
hive; therefore a hive that has no female in 
it, if it be provided with a due number of 
eggs, will continue in a better ſtate, than if 
two or more females dwelt in it ; for in that 
caſe, one ſemale innocently ſubverts and 
diſturbs the whole order, whilſt the other 
with her working Bees is labouring to perform 
the great buſineſs of producing and rearing 
the young, and building cells for them. I 
cannot but praiſe on this occaſion the wiſdom 
and circumſpection implanted in the Bees, that 
they on this occaſion always kill one of the 
females, but preſerve the other in ſafety ; for 
without doubt it has appeared beſt to all-wiſe 
nature, that one female ſhould. periſh, rather 
than that both of them, together with the 
hive, the eggs, the Worms, the Nymphs, 
and the reſt of the Becs, be involved in an 
univerſal ruin, ſince all this muſt neceſſarily be 
the conſequence of ſuch a diſturbance, 


Nothing is leſs underſtood in the hiſtory of the Bees, than thoſe battles we ſee often about the entrances of their hives. From 
what I have obſerved they appear to be of two kinds; ſometimes between the Bees of the ſame ſwarm; ſometimes between them 
and ſtrangers: any irregularity in their work may occaſion their ſcuffles with one another, and theſe terminate without miſchief, 


But in the other caſe, when ſtrange Bees attempt to force their way 


into the hive, the conflict is fatal, and there are uſually many 


killed; but the ſuperior number always gives the victory to the proper poſſeſſors of the hive. 
| CS 0-C But 


- _— ——— — — — —— ͤñ — — 


But as nature, all-p 
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down by no laws, in other neſts of inſects, and 
even in different ſpecies of Bees, a different 
order and other regulations have place. This is 
manifeſt in Hornets and Waſps ; for theſe in- 
ſes ſuffer many females at once in the neſt. 
It is proper to obſerve here this remarkable 
difference, that each of theſe females lay only 
a few eggs, and that they fly abroad together 
with the males to catch leſs inſects; with 
which, after the manner of ſparrows, they 
feed their young; for of them only two kinds; 
namely the male and the female, live in one 
houſe : whether among theſe inſects the male 
too, on account of getting food for the young, 
flies abroad, and ſo is not, like the males among 
the Bees, exempted from labour, I have not hi- 
therto obſerved ; though I make no doubt but 
that the male likewiſe contributes its =P 
towards bringing up the young ; for thoug 
Hornets are much fewer in number than Bees, 
they have ſometimes no leſs than 1 500 omg 
to rear at once. In a Waſp's neſt, which 
keep by me, there are more numerous cells 
than theſe, and I found an infinite number as 
it were of young ones, eggs, and Nymphs in 
it. This male Hornet, like the male Bee, has 
no ſting. From theſe examples it is manifeſt, 
what wonders are diſplayed to our eyes in in- 
ſes, and with what ardency the ſearching 
into them ſhould influence us to 2 the 
glory of God: For he doeth great things 
ee paſt finding out; yea, and wonders without 
ce number.” Job: - 

That the office of rearing up the Worms, or 
the young brood of the Bees, 1s really intruſted 
to the common or working Bees alone, and 
that all their care, and every thing they do, is 
directed to that end, this ſignal obſervation 
ſhews plainly, which was communicated to 
me by a certain breeder of Bees yet living, who 
is thoroughly skilled in the management of 
them. He told me, that by a certain and in- 
fallible method, a prodigious number of fe- 
males, hr. called kings, might be pro- 
created, and that from hence, in the ſpace of 
one year, three or four times more ſwarms 
might be obtained, than otherwiſe is uſual in 
our cold climate. It is done in this manner, 
viz. in the month of April, when on inverting 
a hive you ſhall find fome eggs or Worms in 
the peculiar cells deſtined for the females, take 
out the elder female, together with ſome few 
Bees, and put them into another hive apart; 
theſe will ſettle in this new place, build their 
cells, lay their eggs, and raiſe up a progeny: 
then ſometime afterwards look again into the 
firſt hive, and if you find there a female 
newly come our, ſprung from the egg left 
before in the hive, take this likewiſe in the 
' manner mentioned above, out from thence, 
and, in company with ſome other Bees, put 
her into a hive of her own, that ſhe may bring 
forth there. If in the ſame manner you ſhall 
manage afterwards the reſt of the females, 


which ſhall be one after another produced 


N A T UR E; ot,” 


from the eggs depoſited in the ficſt hive, in 
the ſpace of one fruitful ſummer, from a fingle 
hive, you will thus be able to get ten, nay, 
ſometimes fourteen females, each together 
with a ſtock of Bees, their ſubjects as it were, 

that is ſo many ſwarms. It muſt be obſerved 


that this can only be done in a fruitful year, 


for at other times the Bees not only will not 
multiply ' faſt enough, but they will not be 
able to provide a quantity of wax and honey 
to ſubſiſt themſelves during the winter: care 
muſt alſo be taken to prevent that firſt hive 
from ſwarming, ſince each female, which 
with its working Bees is taken out from thence 
in the manner here mentioned, ſhould be 
looked upon as conſtituting a ſeparate ſwarm. 
I ſhall finally ſubjoin this caution, that almoſt 
all theſe hives will prove barren, unleſs males 
likewiſe are admitted into them at the ſame. 
time with the females. The breeder of Bees 
who told me this, did not know how, accord- 
ing to their received opinions of the Bees 
ſitting on their eggs, to ſolve this difficulty; he 
allowed only this, that it might eaſily happen, 
that ſome of the Bees that are the ſitters, for 
by this names the males are called, might fly 
over, from the firſt, or the other neighbouring 
hives, to thoſe before mentioned ; for unl 
the females were impregnated by theſe, no 
generation, as I myſelf think alſo, - could 
follow. $5 
It appears evidently from this experiment, 


how induſtrious the common working Bees 


are, and that they continue to perform their 
office, though the female be taken out of the 
hive ; but if you carry off the brood from the 
hive immediately, they will give over their 
labours: fo long as they have the eggs or young 
ones, you will never ſee the leaſt appearance 
of confufion in the hive. Hence I demonſtrate 
clearly what is the office of the working Bees; 
they, together with the female, have no other 
office: but to nouriſh the young, and build 
little cells for them ; whatever time they can 
ſpare from this work, they employ in colle&- 
ing honey and Bee-bread. Theſe common 
Bees are in truth kept in ſlavery, and appear 
to have been created by God to labour in- 
ceſſantly. 

In countries that are warmer and more 
fertile than ours, the Bees ſwarm more fre- 
quently, without the artifice mentioned before. 
This is confirmed by the following incident, 
which a creditable breeder of Bees now livin 
related to me as an abſolute fact, which h 
happened to himſelf. He told me, that when 
the count de Manſveldt about ſixty years be- 
fore had over- run the province of Embden, 
he had left him after that irruption one hive 
of Bees, from which the following year thirty 
ſwarms iſſued forth: that hive proved indeed 
extraordinary "fruitful, after the reſt of his 
hives, as well as thoſe of his neighbours, were 
deſtroyed, for on that occaſion a vaſt multitude 
of Bees had betaken themſelves to it. The firſt 
ſwarm from this hive he ſaw on Aſcenfion _ 

| an 
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and on the ſame day, a little while afterwards, 
ſwarm 


ed three ti | 
as well from the firſt hive, the 


parent of all, 
as it were, and from the other hives he had ob- 


inſets are very prone to venery and extremely 
"Ie is farpri "oy ſee in 

It is ſurpriſing as well as to ſee. 
what hoes with m—_— the 
Bees beſet the mouth of the hive all around 
and without, when they are going to ſwarm : 
the elder female, who is at this time impreg- 
nated for the year by the new-born males, often 
begins the 1 In the ſecond ſwarm, 
or when the Bees happen to ſwarm for the 
third time, ſometimes you may obſerve two 
or three females at once, each of which we 
diſtribute into peculiar hives, if there be a ſuf- 
ficient number of Bees for them, but we kill 
ſome of them; if theſe are too few, the males 
for the moſt part remain in the old hive, 
fince theſe, as I am fully perſuaded, have the 
moſt convenient opportunity of impregnating 
the females. Sometimes, however, you will 
find males even in the late-formed hive of the 
new ſwarm. This perhaps is the caſe when 
the female has not yet been impregnated, but 
that work is ſtill to be done. 

Bees may be hindered from ſwarming, if all 
the males and females are taken out from the 
hive, and though there ſhould by chance ſome 
young female remain in the upper part of the 
hive, yet the whole ſwarming will be ſtopt, 
for this younger female continues barren. Who- 
ever is deſirous to extirpate from the hive in the 
manner mentioned the Worms and Nymphs 
of the males, muſt go about it ſo as by no means 
to cut away all the combs but thoſe only which 
lie in the upper part, for thus the Nymphs 
and Worms of the males are lodged, and the 
Bees will be able then to carry out with activity 
the dead brood of males, and to cleanſe their 
combs again in a little time. Hence, indeed, 
this advantage ariſes to the Bees, that they have 
nothing to do afterwards but ſolely to 
honey, becauſe there are already in the hive a 
ſufficient number of cells prepared, which only 
want cleaning, and require but a little labour to 

ir them. | 

The ſwarming being finiſhed, when the 
Bees which have flown out have ſettled and 
fixed themſelves upon the bough of a tree or 
ſome ſubſtance, it is aſtoniſhing to ſee in how 
fingular a manner, by the help of their legs, 
they ſtick to one — and form as it were 
a ect bunch grapes, hanging on one 
. the Nr their ee At 
that very time they can fly off from the 
bunch, and perch on it again; nay, even make 
their way out from the very middle of the 


alſo iſſued forth ; the firſt of 


tot 
cluſter, and ruſh into the open air, though they ; 
ſeem to ſtick to one another ſo extremely 


Bees that have weathered, out the winter; 


begin in the month of March following to lay 


their eggs in great abundance; from that time 
they continue this work inceſſantly: firſt, the 
female lays her eggs in the cells of the common 
Bees; next, in four or five or more particular 
cells; from whence, the young females are to 
come; and laſtly, ſhe depoſits the reſt in the 
hotteſt part of the ſummer, or near the time 
of ſwarming, into the cells of the males. If 
it ſhould happen that there are not in the hive 
any of theſe cells made for the males, for 
ſometimes they are cut away with the honey 
at the end of the year, then the common Bees, 
endued as it were with an unaccountable pre- 
ſcience, build ſome expreſsly for that purpoſe ; 
nay; theſe ſame Bees nouriſh the male brood 
in theſe cells with a care and affection no leſs 
than the hatred and fierceneſs with which they 
kill the faid very males, when, after the 
ſwarming time is over, the female is im- 
pregnated by them. Nor, indeed, is it difficult 
for the Bees to kill theſe males, for they are 
not furniſhed with any weapon to defend 
themſelves, and beſides they have waſted their 
ſtrength in the act of generation, wherefore it is 
eaſy to overpower them : indeed, they die other- 
wile naturally, for they are not fit either for 
collecting wax or honey for rearing up the 
brood, if they are not deſtroyed before that 
time by the other Bees who have been their 
nurſes, and atone by a violent death for 
the pleaſures they have enjoyed; Something 
ſimilar to this is perhaps alſo the caſe among 
the Ants; for the males which are winged are 
found among the reſt only at a cettain time of 
the year. 

To return from my digreflion ; it is proper 
to take notice that the working Bees, when 
they have firſt crept out of, or rather burſt 
from their cells, are of a much paler colour 
and more inclining to dun than the old ones ; 
theſe being browner and ornamented with a 
yellowneſs not ſo deep as gold, Their ſtipg 
at that time has not come to its full ſtrength : 
the bag that contains the poiſon is as yet empty, 
from whence, if they are even then handled, 


gather they not only do not ing, but do not ſo much 


as attempt it. After a very few days theſe 
young Bees acquire as ſtrong a colour as the 
elder; nor do they ever, as ſome idly fable, 
learn from the old ones the art of making wax 
and collecting honey: this is implanted in them 
by nature, and to perform it rightly they need 
no more than follow their own inſtinct. The 
reaſon why the Bees are paler at firſt than af- 


. terwards is this, that thoſe parts which are of 


a ſubſtance between horn and bone, in the head, 
breaſt, and body, being but lately ſtript of their 
Skin, have not yet in the new-born ſtate their 
full hardneſs: their down is at that time more of 
a Mouſe colour, but afterwards their parts gain 
both hardneſs and colour, when more of their 
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fluids have evaporated thence, and the pores 


of the parts mentioned are contracted cloſer. 


Enough has been ſaid of the outward form, 


and of the generation, diſpoſition and actions of 
the Bees: I proceed next to the internal parts 
contained in the head, breaſt and belly, which 
I ſhall explain in the fame order that I ob- 
ſerved in treating of the Worm and Nymph. 
Thoſe parts that are incloſed in the head and 
breaſt, I ſhall expreſsly treat of when I come 
to deſcribe the male Bee. This only need be 
particularly obſerved here, with regard to the 
head in common Bees, that their teeth or 
jaws are larger than in the others, and are fur- 
niſhed with two ſtrong muſcles, the one larger, 
the other ſmaller, which are indeed of a very 
firm conſtruction, and take up great part of 
the ſkull, which is of a ſubſtance between horn 
and bone, The tendons of theſe muſcles are 
cartilaginous, approaching to a ſubſtance be- 
tween horn and bone, and being encloſed with- 
in the fleſh, they there adhere on each ſide in 
the manner that we ſee the plumage on both 
ſtick cloſe to the quills in the feathers of Birds; 

but we may more properly compare this fa- 
brick with thoſe muſcles in Crabs and Lobſters, 
which move their claws ; for in thoſe the fleſh 
in the ſame manner is obſerved to be joined with 
the great hard tendons of thoſe muſcles; where- 
fore theſe ſmall muſcles of the Bees agree with 
the muſcles of other animals in their ſtructure, 
and are exactly ſuch as the diſtinguiſhed Steno 
has deſcribed them. 

Since I have mentioned here the mutual ſimi- 
litude which there is between the muſcles of 
Bees and thoſe of cruſtaceous animals, I would 
have this further obſerved, that, as in thoſe 
animals the bony parts are placed on the out- 
ſide of the body and within, fo this obtains alſo 
after the ſame manner in the Bee; -and this 
ſtructure is directly contrary to that which we 
obſerve in larger animals and men, whoſe fleſh 
is placed outermoſt, but the bones within, in 
the fleſh, or between the fleſh. However, the 
ſtructure juſt mentioned in the Bee, as alſo in 
Lobſters, does not conſtantly obtain throughout, 
for in thoſe places where the hard or horny 
bone, by which the joints of theſe animals are 
ſupported, is to bend, or where the articulati- 
ons are placed, theſe tendons, together with a 

art of the muſcles lic bare ; ſince, were it 
otherwiſe, there would ariſe from thence a 
oreat obſtruction in moving. But again, all 
powerful nature does not uſe this method in all 
the articulations, as may be ſeen about the 
joinings of the horns ; for in theſe, all that is 
muſcular is encloſed entirely within the cavity 
of the bony or horny matter ; conſequently the 
motion in theſe parts is obſerved a little leſs 
diſtinctly. 

There remains another thing to be conſi- 
dered even in the common Bee, I mean the 
trunk or proboſcis, it being, like the teeth, much 
more remarkable in theſe than in the males. In 
this proboſcis we are to obſerve principally ſeven 


little parts; one of them, which is placed in the 
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middle, Tab. XVII. fig. v. 7, has no fellow, and 
is pervious like a hollow tube: this properly 
conſtitutes the tongue or the trunk itſelf: the 
other {ix little parts, diſpoſed in three pairs, ſur. 
round the former on each ſide, being deſtined 
for aſſiſting the trunk in the act of ſuction, thatit 
may be able with ſo much the more eaſe to draw: 
out of flowers, and pour in by ſuction, the natu- 
ral honey found in flowers. In the trunk it- 
ſelf its diviſions are to be conſidered, which are 
extremely elegant and regular, and are beſet all 
around with briſtly, and as it were triangular 
hairs, diſtributed in an elegant order. j 
of theſe diviſions at firſt fight I took for arti- 
culations ; there are above a hundred of them; 
and ſome of them do not go through the whole 
thickneſs of the trunk. The ſtructure of the 
trunk alſo, together with its muſcles, and the 
manner in which the ſuction is performed, are 
very worthy to be obſcrved : but before I pro- 
ceed to explain theſe, I ſhall firſt deſcribe thoſe 
three pair of little parts which are placed above 
and near the trunk, 

The two firſt little parts of the proboſcis a a, 
are partly of a ſubſtance between horn and 
bone, and partly membranaceous: they are ſet 
round with hairs, and are furniſhed with air- 
pipes diſtributed through the whole texture of 
them, though it be of a ſubſtance between horn 
and bone. Theſe tubes appear through it bb; 
the tips of them c c are a little bent, but where 
theſe parts are united with the root of the 
trunk dd, there they have a kind of an appear- 
ance of an articulation, by the help of which 
they may be bent, ; near the trunk and the reſt 
of its parts, quite within, and as it were un- 
der the chin of the Bee, if I may ſo ſpeak, I 
repreſent them in this draught drawn a little 
outwards and ſideways, but the natural fatua- 
tion of them is juſt as Tab. XXV. fig. 1x, 
under the letters ff in the Nymph ſhews. 
The uſe of theſe ſeveral parts is to contribute 
their aſſiſtance towards the moving of the trunk 
downwards, and underneath againſt the head, 
and a little towards the breaſt, as well as to 
affiſt in cloſing and confining it, together with 
the other four, or rather the two pair of little 
parts ; and alſo towards defending, covering, and 
guarding it from injuries. I ſhould think that 
they alſo aſſiſted towards ſwallowing the native 
honey, drawn up by ſuction when the trunk is 
filled with it, or thruſting it further inwards to- 
wards the ſtomach, ſince they have power to 
ſqueeze the ſnout below and inwards ſtrongly 
enough. „ | 

The two other little parts of the trunk, Tab. 
XVII. fig. v. ee, which figure 1x. of Tab. 
XXV. repreſenting the Nymph, ſhews in their 


natural ſituation under the letters g g, are 


placed a little higher than the firſt pair, but 

they are nearly of the ſame ſtructure. There is, 

however, this remarkable difference, that each 

of them has in the upper part, at their extre- 

mities, three joints, one, Tab. XVII. fig. v. /, 

lower and longer, and the two others 8 g higher 
u 


and ſomething ſhorter, which are all OR 
wi 


parts fide of their jaws: Toriething like 'this-obtains 


trunk, open the leaves of the flowers, and re- 
move whatever clic mi CT 
therefore I compare two li | 

the two fore feet of a Mole, by the of 
ways, that it may be able with its ſharp crunk 
ſearch for its food the more conveniently, 
The two laſt little parts 45 are much lefs than 
the firſt and ſecond, and are of a texture a 
little partaking of horn and bone, but rather 
membranaceous, and they are rough likewiſe 
with hairs: theſe, with the trunk 


8 


ſelf. dre drawn 'invwizds, and, us 1 


parts are uffiſted 
fmce re- 


el 


red | icularly. 
Here, before I proceed any further, it is ne- 
oeſſary I ſhould mention that I ſhall de- 
ſcribe and repreſent the trunk here in the 
under part, as it ſhews itſelf in the Bee when 
laid flat on its back. As to what regards that 
part of the trunk +& which is of a ſubſtance 
between horn and bone, it is formed in ſuch 
a manner, that it can fly off from the reſt of 
the trunk arch-ways, and ſpread itfelf in the 
ſhape of a circle, Tab. XVII. fig. vi. 3; from 
whence it is that the membranaceous 
ccec, which lie moſt beautifully folded u 
under the griſtly part, fig. v. 4 ł, and join 
with it, may be 1 expanded on each 
ſide like a fail, in the middle of which a 
maſt is fixed. This mechaniſm, however, does 
not 8 pate.” unleſs 5 circutn- 
ſpecil nicely, with a v ne- pointed 
2 raiſe — horny aba little — in 
that caſe it is at length ſeen how the mem - 
branaccous part of the trunk is folded, and 
how it expands itſelf ; fo that the internal 
cavity of the trunk i is prodigiouſly enlaryed 
1 — that a 4. * 
quantity of native and undigeſted honey, in 
ion to the fize of the inſet, may be 
received into the trunk. Indeed, nearly the 
ſame courſe of nature is ſeen here, that we 
obſerve in Monkies, which can hide nuts and 
what other fruits they have gathered, in two 
membranous bags, which are placed on each 


alſd in forme kinds of Bifds, which in the © 


membrutaceons amd 'exparded part of 'heit 
bill, where the begimming of the ſtothich is 
inferted, preſerve a Fiſh they have catched. 

ther watetHfowk this is moſt ob- 


; viooſly ſeen in that ſort of Corttorants, which 


in our of ſpeaking we call Schotttrs. 
Thefe birds once we year Hee "the 
foreſt of Sevetihaſen, het Far diſtant from 
Leyden, and are theok Gcwh feötn dt trees 
in numbers, and as foon as they fall 
into the water they ate able to ſwim imme- 
diately, and to dive quickly under water, 
though they have never before either flown or 
fam. In the ſame manner Bees alſo have 
1 in them the att of making wax, 

gathering honey in their proboſcis ot 


Before 1 proceed further in the deſctiption 
of the trunk, I ſhall infert an account of the 
manner of their catching fiſh in ſome parts of 
Europe, by means of the juſt mentioned ſort 
of Cormorunts: ſore few yetrs ago thany of 
theſe birds were carried to England and fold 
for that purpoſe. In the firſt place then they 
make them tame, ſo that they may be brought 
to perch and ſtay upon the hand of their own 
accbtd ; when after this they are inclined to 
go out 4 fiſhing with them, they tie to one of 
their legs a thin but e , which they 
keep rolled up in a ball : afterwards they hold 


te 
this ball, which is wound round a Httſe ſteel 
pin, by a wooden handle, as bur girls do 
their bobbias, while they roll off of them the 
threads made on the reel: theſe things be- 
ing prepared, they put a ring round the Cot- 
morant's neck, and being now come to the 
fiſh-pond, they let the Cormorant fl down 
into the water; then the cord is rolled off 
the ball with a Whizzing twirl, and the Cor- 
morant, to the t amazement of the ſpec- 
tators, quickly ſeizes forme fiſhes: theſe, how- 
ever, are ſtopt at the ring that has been put 
about its neck: therefore when the Cormo- 
rant is afterwards drawn out by the cord, he 
may eafily be made to throw out again the 
fiſhes it had taken into the mouth, only by 
ſqueezing its ſtomach and throat upwards. 
2 of great credit and ingenuity told me 

s ſtory, who Has hitnſelf ſometimes ſeen 
this manner of fiſhing. When I was in com- 
pany with Mr. John Oort, an old friend of 
mine at Hohſlaardik, I obſerved with aſto- 
niſhtnent that certain water-fowls there, when 
any fiſhes were given them, would always 
turn them expeditiouſly, ſo that they could 
take them in head foremoſt : this was done 
through great caution in them; that they 
might not be hurt by the fins of the Fiſhes, 
ds they went down their throat. Whatever 
we could do to make the fowls fwallow a 
fiſh tall foremoſt, they could not be brought 
to it ; for = always uſed, by the help of 
their beaks, dexterouſly to turn the fiſh over. 


To return to the trunk of the Bee; it is to 
Ddd be 
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be obſerved, that the membranaceous part of 
the trunk has no hair on it, but in its place is 
covered all over with little protuberant 2 
ples; theſe are tranſparent, and are placed 
there in regular order, and at equal di 
from each other, and in ſome degree reſem- 


nces 


- ble the little riſings obſervable on the skin of 


birds when their feathers have been plucked 
off: theſe little parts ſeem to be in reality 
e which have pI, a power con- 
erably. to change the honey that is ſwallow- 
ed down, and in ſome meaſure to forward the 
connection of it. This alſo is to be obſerved 
in regard to the ſtructure of the gaftly parts 
of the trunk, or that which is of a ſubſtance 
between horn and bone, that in the middle it 
ſeems to approach nearer to the nature of an 
horny bone, than it does at the ſides, which 
are of a little deeper or dusky red colour. This 
t of a ſubſtance between horn and bone, 
ab. XVII. fig. v. & &, does not every where 
retire outwards from the trunk; for a little 
below the orifice or mouth of the trunk, it 
tends inwards u, and, uniting with the other 
hairy part of the trunk in a. narrower and 
thinner canal as it were, is then carried 
ther inwards and forwards o o. But in the ſame 
place the whole trunk in its circumference 
1s then crowded with ſmall hairs, like little 
claws a very little bent, which, whether they 
are open canals, or ſerve by way of little claws 
or hooks, to keep the trunk during the time 
of ſucking in its ſituation and place, I will 
not determine; for as yet I have not ſo clear- 
ly diſcovered how it is, though I make no 
4 but it may be found by time and appli- 
cation. That portion of the trunk which is 
of a ſubſtance 3 horn and bone, at the 
end of that part where it verges outwards, 
has a bets or little head, which appears 
yery remarkable; and in the middle of this 
an opening is ſeen, which ſeems to me to pe- 
netrate quite into the cavity. of the membra- 
naceous portion of the trunk ; nevertheleſs I 
now find this opening is not, as I have before 
ſaid, ſo ſmall as the apertures of the lacteals, 
though under a microſcope it may appear ſo : 
indeed the beginning of it in this place, in 
proportion to the part, is ſo minute and nar- 
row, that ſcarce any thing certain can be ad- 
vanced about it to clear up all doubts. In 
Butterflies I am confident that the trunk opens 
with many lips, which imbibing the nouriſh- 
ment, appear at the end of the trunk. like ſo 
many little hairs : but in the Bee a different 
ſtructure is obſerved ; that little part or dimi- 
nutive head of the trunk, Tab. XVII. fig. v. 
0 0, together with its little membrane, in which 


the hairs are fixed, is able to contract itſelf 


into a narrower compaſs, and likewiſe to move 
itſelf inwards, as is manifeſt if this part be 
touched and examined at different times, and 
_ eſpecially if it be carefully examined in the 
younger Bees, and then in the more perfect. 


I have repreſented this in the form wherein I 


the help 
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can ſhew it at any time. Further tis portion 
of a ſubſtance between horn and bene, At the 
lower part ſpreads into two legs as it were 
which are connected with the otlier lower pdf 

tion of the trunk: where this connexion 3; 


made, there are [diſcovered thiee more Tits 


parts of a ſubſtance between hom and bone 
9:4 4 perfectly black like pitch; thining, md 
joined to one another by leveraFarticulatisns: 
The middlemoſt of theſe is the ſheath dg K 
were of the trunk within which at the 
time, when it is not employed in ſuching 
of ſome muſeles, is drawn” buck 
and concealed ;' attheTame time alfo the other 
little parts likewiſe of the trunk bend then 
ſelves, and retire inwards. In this ſheath of the 
trunk thoſe muſcles alſo are encloſed, which 
belong to the tvro pair of the articulated little 
parts of the trunk ee. The muſcles next of 
the firſt pair of theſe little parts, Tab. XVII. 
fig · v. aa, are placed a little lower, and are im. 
planted with two horny little parts 90 towards 
the outſide, of a blackiſh colour: but the. two 
little parts themſelves, together with the ſheath 
of the trunk, are joined by four diſtinct articu- 
lations rr, to the extremities of "the b 

or horny parts, which together conſtitute" the 
head of the Bee: ſo that the whole theath, 
the trunk, and its little parts, are, by the help 
of two ſtrong rare | F moved inwards it 
once; on Which occaſion the parts juſt de- 
ſoribed bend themſelves backwards and in- 
wards, and at the ſame time hide, cover, and 
ſhut in the ſheath. Theſe beforementioned 
muſcles / here appear through a little thin 
membrane , and under this the throat 7 alſo ls 
ſeen, which, together with theſe muſcles, and 
the membrane covering them, is cut through 
in this figure. 

We come now to the act of ſuction, which 
the Bee performs in the following manner; it 
gradually draws the griſtly part of its trunk, 
or that which is of a ſubſtance between hom 
and bone & & from the hairy skin and its divi- 
ſions, which done, the membranaceous and 
wrinkled part of the trunk mz is ſtretched out 
and made ſmooth, but the griſtly part is 
diſtended arch-ways: when thisis performed by 
the help of the muſcles of the trunk, the am- 
bient air is neceſſarily forced out of its place, 
and by the preſſion of it the honey is carried 
inwards, and through. the cavity of the trunk. 

In Butterflies, on the contrary, this is per- 
formed in quite a different manner; for as 
much as in theſe the trunk is not ſingle, as in 
the Bee, but double; which alſo, after the 
ſuction is ended, is wonderfully,-curled and 
rolled up together, by numberleſs moſt mi- 
nute articulations; ſo that Butterflies muſt exe- 
cute their ſuction in a quite different method, 
namely, by pinching cloſe the points of reſpi- 
ration, and ſwelling out their body, they re- 
pel the air, and this being driven out, «puſhes 
forward into their trunk the ſweet: moiſture 
for which they gape in ſucking. T i 


is is very to the Butterfly, fo, that I 
— a d gene 8 wp, 15 is 
cking,: does the ſame. thing, for What hin- 

8, bat that this a; 46, 96 ſimilar ; MAY 
be. perforined by the Bees, ſince their points 
of reſpiration, though membranaceous within, 
have ea horny edge, by the force of Which 
they can open themſelves into an oblong lit, 
and cloſe themſelves again, in like manner as 
the. Frog ſtretches out. and ſhuts again the 
upper part of its wind- pipe, as the moſt te- 
nouned Malpighius has obſerved with the 
exactnels? I might now deſcribe: all 
the muſcles of this part, one by one, and te- 
preſent them in figures but that would in- 
valve me in a work requiring, both a vaſt 
length of time and endleſs labour: this is the 
alſo that has hindered me from ue” 
ſuing many other particulars, which I have 
here delivered to the utmoſt, and with the 
At ac. tus fs ht, 14577 
Should any one now aſk me, whether the 
Bee can ſuck no other way, than by ſtretching 
out or moving arch- ways the little griſtly part 
of its trunk, I anſwer, that it entirely ap 
to me, that even by barely pinching cloſe their 
oints of reſpiration, and ſwelling out their 
y, the Bees may be able to perform their 
ſuction; for nothing hinders, but that even by 
theſe means alone the air that is driven out may 
puſh the honey inwards. We obſerve alſo that 
the Bee, when going to ſuck in the air in its 
little pulmonary tubes, moves the rings of the 
belly within and without, in the ſame man- 
ner as we do our breaſts in the act of breath- 
ing; but becauſe the thorax in Bees is im- 
moveable, therefore their belly performs this 
office. This little part, which has been now 
deſcribed, is worthy of the higheſt notice; 
nor can I here forbear owning, to the glory of 
the immenſe and incomprehenſible Architect, 
that I have but very imperfectly and ſuper- 
ficially attempted to deſcribe and repreſent this 


| Tas. XVII. FIS. vii. 


a Is a of the horny ſubſtance at the 
bottom of the head; it is ſhagged at the ſides 
with yellow hairs, is marked alſo with two 
yellow ſpots, but for the reſt it is black, 
ad Def ot 27d 77 os 

: 66 c Are three little horny parts, at the 
root of the trunk; theſe are of a ſhining black, 
and two of them that are at the fide && contain 
in them thoſe muſcles, which move the ar- 


in the middle c is, as it were, the ſheath of 
the trunk itſelf /, in which, beſides the muſcles 
of that organ, thoſe of the other two articu- 
lated briſtles 4 d alſo are depoſited. | 
* ddd d Are four articulated briſtles, that 
afliſt the trunk during its action. - 

ee Is the place ws pt the teeth have been 
broken off. | 


ticulated briſtles dq d; but the little horny part 
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little part; for to repreſent it to the life, in its 
full 1 Bay as truly moſt perfect it bs far 
exceeds. the utmoſt efforts of human know- 


* 


ledge: and in very truth, our intellects and 


abilities fait us every where, when we venture 


even no further than to contemplate the divine 
wiſdom in the works of God, which can never 
be. worthily magnified. Think then how much 
more excellent, they muſt. have been. before 
hey became obnoxious to deſtruction ! in rea- 
lity, this fingle little part is formed with ſuch 
exquiſite {kill, that it may juſtly be ranked 
among the chief inſtances of the omnipotence 
of the Deity. But I would have this underſtood 
according to the narrow limits within, which 
our capacities are confined, for we ſee the 
works of God only as through a glaſs darkly, 
fince . our . underſtanding reſembles an ignis 
fatuus, a Will-with-a-with, and 1s utterly unfit 


for diſcerning theſe things, which fo ſurpaſs 


all mortal comprehenſion. _ bes 

In other ſorts of winged inſets approachin 
to Bees, for example in the Waſp, the 2 74 
is much ſlenderer, nor is it of ſo remarkable 
a length; the reaſon of which difference ſeems 
to me to be this, that in theſe inſets, beſides 
the trunk, there is another way {till by which 
they can draw in their food, fince they are 
little creatures of a very rapacious, ſavage, and 

eedy nature. This is efhecially manifeſt in 
at larger kind, which we call Hornets, which 
are rapacious to ſuch an amazing degree, that 
even when cut through the middle of their 
body, they do not refuſe to eat; and if then 
you give them honey, or ſugar moiſtened 
with water, which is much the moſt proper, 
they ſuck it in ſo greedily, that you may 
ſee it again running out at the wounded part. 
I have conſidered 975 trunk in the largeſt ſort 
of Waſps, a draught of which, for its great 
2 and particularity, I ſhall give in this 
Nase... | 


A delineation of the trunk or ſnout of the Waſp, as ſeen from underneath 


F Marks out the trunk itſelf, in which are 
ſeen four delicate. white little parts, furniſhed 
toward their tops with round and yellow 
globules. All the parts hitherto mentioned 
are covered over with hairs, which indeed I 
have not exhibited here with them, left it 
ſhould create confuſion. ' It is to. be obſerved 
alſo, that all theſe parts are repreſented as in, 
the Waſp laid along on its back, from whence 
it is, that we can ſee but half of ſome of 
If a Bee is opened on the back, there firſt 
preſents itſelf a limpid or clear humour iſſuing 
from the veins and the heart, which are 
wounded ; for the heart is placed oblong in 
the back, as it is in the Coſſus, Silk-worms, 
and many other inſects. ®: a 
The muſcular fibres alſo are ſeen, which 
move the rings or inciſions of the body of the 
Bee, and are the ſame both in ſituation and 
| ſtructure, 
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Auge, s 1 bare beun chem in the 


" The fat al 72 confiſting of Little 


round parts, v have been fixed to their 

membrane 4 
The : lungs © more than all other parts re- 

markable; al are two white and tra 

little veſſe fig. 1x. a a, conſiſting of the ul- 

monary tu A and running 

Theſe lun iy membranous, and 1 


6. N when * air is out of them, which 
is by no means the caſe with the tubes that 
proceed from them, inaſmuch as they, con- 
fiſting of tings curled around, remain always 
The lungs, compoſed as I have obſerv- 
Tor dilated . A es of the wind-pipe, 
terminate again in little tubes, Tab. 
fig. ix. 5 5, which are annular; and thee, 
then here and there wid , grow into little 
bladders cc, and theſe D contract them- 
ſelves again into little A dd. This alter- 
nate mixture of bladders and tubes, however, 
is not ſo frequent in the Bee, as in the Rhino- 
ceros Beetle, whoſe lungs conſiſt of numberleſs 
little bladders, which may in ſome meaſure 
be compared to the of the plant called 
Honeſty, while yet * Fanßieg from their ſtalks. 
In Bees the lun incipally compoſed of 
two large bla Aras are likewiſe beſide 
8 "and the remaining part is 
made up of little tubes, which then, as in the 
Worm of the Beetle, or as in the Worm of 
the Bee itſelf, are diſperſed over all parts of 
the body e e, &c. ſo that the lungs, by the 
intervention of the little tubes which th 
ſend out, communicate e where wi 
themſelves by mutual inoſculations ff. 

When a Bee is opened along the belly, im- 
mediately the ſpinal marrow comes in view, 
and this I am now going to deſcribe : nor ſhall 
I here ſtop to mention either thoſe parts which 
are ſeen in this view beſides, and have been 
mentioned before, or the extremities of the 
rings, which are membranaceous and termi- 


nated by black edges of a ſubſtance between - 


horn and bone. The ſpinal marrow is the 

cipal part, which now preſents itſelf to be con- 
fidered ; it conſiſts, as in the Silk-worm, of 
nerves and little knots, which owe their riſe 
to two nerves as it were p ing from the 
brain, though there ſeems to me to be beſides 
theſe ſame fabſtance of a different nature from 
them in the fame place, which, for the fake 
of ſtrengthening them, binds the little knot and 
the nerves together: this is ſeen alſo in Silk. 
worms ; nay, and in the human ſpecies, theſe 
nerves, which are ſwallowed up as it were in 
little knots, are ſeparated from one another here' 
at a more conſiderable diſtance, and open much 
wider aſunder, than in the marrow of Silk- 
worms ; indeed, the re. in Bees is _ 
every where open or ſplit into two whi 
in Silk-worms i Woch duly at Aiſtahces, What 


are diſtinctly called the nerves by anatomiſts, 


are thoſe ſhoots which ariſe from the ſides of 
theſe little knots. If we trace the courſe of 
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pro 
cg ſhop a be ton of nc 
ning through in that ple. 
1 nat an inteſtine, whichis — 
meaſure reſembles the colon in other animals: 


Further down this gut is conkiderably. « con» 
trated and made ſmaller : but there,  whens 
this contraction begins, an infinite number of 
whitiſh filaments are ſeen, like thoſe which in 
the Coſſus I have called faffron-coloured veſſels. 
Theſe filaments or minute inteſtines are faſten- 
_—— — contract 
ed, as as cliewhere. This doſe connexion 
of them with the gut is extremely ſtrong, and 
is effected by means of the pulmonary tubes, 
which, as they run through the whole body, 
ſo in this place particularly they are an inſu- 
3 obſtacle to the diſt 

I believe it would take me up 
8 to ſearch this matter — to _ 
bottom, which truly ſeems to be by no means 


deſpicable, nor unworthy that ſo much pains 


ſhould by enployed apoe'! it, as I TI 
ter ſhew. 

The gut, after it has been coats in the 
manner already mentioned, dilates again on a 
ſudden, though here it ſeems to be altogether: 
membranous ; but as it is at the ſame time 
tranſparent, ſome little, whitiſh, and 
parts are ſoen on the 3 ſhining 
it : theſe, when the gut is opened, are found 
to be ſix in number, and are glandular, and they 
are not every where uniformly whitiſh, but art 
filled with watery and ent qualities. 
Theſe fix little glandular parts ſwell out very 
conſiderably on the inner farface of the gut, 
wichin its hollow, and are there . 

cugus 


fame kind in the inteſtines of Hornets. It is ob- 


ſervable beſides, that the extreme part of the 


inteſtine, in which theſe fix little parts are 


found, is ſometimes ſwelled, almoſt beyond 


what could be believed, with excrements. Theſe 
are of a pale yellow colour, and are divided into 
ſmall pieces, like bee-bread, though their little 
lumps are neither round, nor of any other re- 
lar figure. One may further remark, that the 
inteſtine, in which theſe ſix oblong glandular 
little parts. are placed, is ſometimes found as 
fully diſtended with an aqueous humour, of a 
yellowiſh colour, as with the yellow and more' 
ſolid matter beforementioned. . But this is only 
in very young Bees juſt produced from the 
Nymph. | ; 

This gut is again contraſted where it ends, 
but from that part it again dilates itſelf, and at 
length forms the rectum or laſt gut. This ex- 
treme part of the inteſtine ſometimes wants the 
laſt contraction, and in that caſe appears rather 
like rumpled linen, or a cotton handkerchief, 
drawn through one's hand. The inteſtine finally 
terminates under the point of the ſting where the 
excrements are voided, and the rectum ariſes 
from it. | | 

If theſe guts joined to the ſtomach are laid 
on a thin plate of glaſs, and heated by the flame 
of a lamp till thoroughly dried, then you may 
ſee not only their circular fibres, but even 
thoſe valves which have been called by Kerk- 
ring in the inteſtines of men, the valvulz con- 
niventes, and which were deſcribed -and in 
ſome manner delineated by Spigelius. Ruyſch 
firſt, in the year 1667, demonſtrated them in 
an inflated human gut. I have made the ſame 
obſervation alſo in the Bee and Waſp. | 

Behold ! theſe are the entrails of the com- 
mon or working Bee; there does not appear 
among them the ſmalleſt trace of ſpermatic 
o or the genital parts, or of any thing 
which can anſwer the purpoſe of, or even be 
compared to a penis or ovary, Hence I think 
theſe Bees may moſt juſtly and properly be ſaid 
to be natural eunuchs, and ſuch as can only 
work and feed, cheriſh and rear the progeny 
of others as their own. On the contrary, as 
I have beforementioned, the genital organs are 
very plainly ſeen in drones, as they are the 
true males of the Bees : their whole belly is in 
a manner filled by the teſticles, as I ſhewed to 
his ſerene highneſs the grand duke of Tuſca- 
ny, among other wonders of nature, in the 
year 1668, when he graciouſly condeſcended 
to approve of my labours. | 

I now proceed to the ſting, that won- 
derful work of nature, and eminent exam 
of the wiſdom of the great Creator. It is 

laced in the hinder part of the body, its point 
ies juſt over the end of the rectum or ſtraight 
gut: the ſting is therefore placed in the Laſt 
rings of the belly, with which it is alſo very 
remarkably jointed, by means of ſome carti- 
lages. But as the ſting is worthy: of the great- 
eſt attention, I ſhall deſcribe it at large, toge- 
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ther with all the parts ſubſervient to it, having. 
in view only the praiſe and glory of the moit 
wiſe and excellent Creator. In the ſting there 
are diſcovered, firſt, the channels through 
which its poiſon-is conveyed to it. Secondly; 
its cartilages. Thirdly, its muſcles; Fourthly, 
its two pieces called legs. And laſtly, the ſheath 
within which the legs which properly conſtitute 
the ſting are hid. N 

That the fting has poiſon in it, R. Hooke, 
a writer of great experience and learning, has 
in ſome meaſure laboured to demonſtrate in his 
ineſtimable micrographia, written in Engliſh, 
thinking that the poiſon lay hid in the hollow 
thickneſs of the ſheath of the ſting, which 
however is never the caſe, unleſs by mere 
accident. | | | 

Let any one with a forceps or little ſteel 
tweezers take hold of the legs, wings, or 
which laſt will be moſt convenient, the breaſt 
of the common Bee, and he will generally ſec 
a ſmall clear drop as it were of water hanging 
on the point of the ſting. In this water the 
poiſonous quality of the Honey-Bee is properly 
contained. This, as ſoon as it drops into the 


wound, produces the pain that follows the 


wound; for the ſting itſelf is not in the leaſt 
degree venomous, nor does its puncture hurt 
more than that of a needle. For experiment's 
ſake I have often wounded myſelf with the 
ſting, and felt no other ill conſequence from it 
than a ſlight itching in the wounded part; but 
the ſting muſt be firſt thoroughly cleanſed and 
well ſqueezed and wiped for this trial, for it 
might otherwiſe probably happen that the injury 
would be more conſiderable, "4 a 
To proceed in order, I would have it ob- 
ſerved, that the venomous liquor which only 
paſſes through the ſting is originally depoſited 
in the belly of the Bee, and there contained in 
a little bladder nearly tranſparent. This little 
bladder is of an oblong figure, and of a very 
ſtrong texture, ſo as to bear the force of the 
fingers preſſing it without any damage: nay, 
ſo great is its firmneſs, that the belly of the 
common Bee being opened, let this little bladder 
be taken hold of, and the whole ſting and all 
its parts may be eafily drawn with it out of 
the body, without the bladder being broke, 
I have found this bladder of poiſon 1o ſtrong; 
even in the ſmaller kinds of Waſps, that by 
preſſing it with my fingers as hard as I could, 
the poiſon might be thrown to the diſtance of 
two foot from it through the ſting. It is fur- 
ther remarkable, that a very ſtrong muſcle - 
twines about this little bladder, and has its ten- 
dril in the middle, as it is in the muſcle called 


ple the temporal muſcle in the human ſpecics, 


When that muſcle contracts itſelf, the poiſon is 
by its force ſqueezed out and thrown into the. 
wound, ſo that the ſting may be compared to 
a ſmall Droge! the little bladder or rather 
the muſcle of it juſt mentioned ſerving it in 
the ſtead of an impelling plug. But I have 
not hitherto diſtinctly examined this muſcle in 


the common Bee: I have ſeen it in the Waſp, 
Eee and 
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and moſt conſpicuouſly in the Hornet, after 1 
had firſt kept that inſe& a whole year in bal- 
ſam. This method I ſome years ſince diſco- 
vered, and by it the parts may be moſt happily 
and diſtinctly viewed. There comes out ot 
this little bladder, in every ſpecies of Bees, a 
ſmall thin tube, which is extended as far as the 
ſheath of the ſting, and this at length runs 
between the two open legs of the ſting, enters. 
into the ſheath, and terminates in the thickeſt 
part of it. It is by this channel that the poi- 
ſon is conveyed from the little bladder through 
the ſheath into the ſting, and paſſing from the 
hollow part of the ſheath between and under 
the legs of the ſting, it is darted into the 
wound when the Bee gives the ſtroke. 

On one fide of the little poiſon-bladder in 
the Bee, is ſeen a ſmall, oblong, thin, crooked 
tube. Of this kind I have obſerved two in the 
Hornet, in which creature the poiſon-bladder is 
alſo twice as large as in Bees. I have ſeen be- 
ſides other ſmall tubes growing laterally out 
of that I mentioned, but I could not immedi- 
ately diſcover whether they terminated. I af- 
terwards however obſerved in Waſps and Hor- 
nets, that in the body of theſe animals there 
are two diſtinct little tubes, Tab. XVIII. fig. 
Iv. cc, inſerted into the hinder part of the 
poiſon-bladder a, through which little pipes the 
poiſon is conveyed into that bladder, and in 
which the poiſon is properly ſecreted. Theſe 
ſmall pipes appeared unequal, with little 
ſwellings here and there, as is ſeen 4d d, and 
terminated in cloſed endings e e, as the blind 
guts of Hens, which ſame thing I have ob- 
ſerved alſo in Bees. Theſe ſmall veſſels are 
much wider towards the hinder parts than in 
the fore parts, and about their extremities 
where they are cloſed, they are very thickly 
ſurrounded with fat and pulmonary tubes, for 
which reaſon they cannot be ſeparated from 
the other parts without great difficulty. I have 
alſo remarked, that theſe poiſonous veſlels in 
Bees very nearly reſemble thoſe which are 
found in Waſps, and are juſt ſuch as I have in 
the third figure, Tab. XIX. z, drawn to the 
life in a female Bee: 2 denotes the poiſon-blad- 
der in the female; » the ſluice of the bladder 
« the ſmall tube in which the poiſon or venom 


is ſecreted, g g are the cloſed ends, the ſmall. 


tube in which the poiſon is concocted. Theſe 
appear to conſiſt of a two-fold ſubſtance ; the 
one glandulous, of a whitiſh colour, and not 
of a very firm texture; the other is membra- 
naceous, with ſomething like a filament quite 
tranſparent, which ſticks within the former 
ſubſtance, by which it is ſhut in and ſurround- 
ed, like the ſmall tube of the veſſel called the 
vas deferens, which is in itſelf extremely ſlen- 
der, and is alſo compaſſed about by a glandu- 
lous and nervous ſubſtance. The former ſub- 
ſtance is very eaſily ſeparated in the handling 
of it from that within, which is skinny, tranſ- 
parent, hollow, and very much like a fine hair. 
This ſmall tube is beſides very ſtrongly joined 
to the ſaffron- coloured veſſels by numerous pul- 


of and the ſubſtance they 
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F are moſt 
fixed to that part where the gut contracts j 
—_ conkilt of n is 


contrary, the humour 


balſam ; whereas, on the 


oned, 
tion with the ſaffron- coloured veſſels. _ 
When the poiſon- bladder is put into my 
balſam, it is ſometimes tinged with a purple- 
colour or redneſs. I likewiſe have ſeen it green, 
in the Hornet. And we muſt further obſerve, 
that the poiſon-bladder in Bees, as I have often 
abſerved, is not contracted in a globular form, 
like the urinary 
ſo far from it, that its ſides are like two 
preſſed together. This may be ſeen if you cut 
off the Bee's wings, and then greatly irritate or 
provoke the creature; for then it will, in re- 
venge, .throw its poiſon out of the ſting, bei 
every moment 1 5 to ſtrike and — | 
Let us proceed. The ſting then, as I have 
ſhewn, is fituated under the rings of the poſ- 
ternal parts of the body, and is there moved in 
and out by the help of certain muſcles ; and 
as theſe muſcles are affixed to ſome horny ar 
bony little I ſhall therefore briefly dei- 
cribe theſe parts. There are chiefly fix princi- 
pal little parts, together with two others leſs 
conſpicuous. The legs or ſhanks of the ſting 
are articulated with theſe horny or bony little 
parts, which are likewiſe joined with each 


other, ſo that by means of this ſtructure = 
dow 


may be moved in and out, and up and 
and on either fide. This motion is performed 
by the force of the muſcular parts, which I 
find to be eight in number, four very manifeſt, 
but the reſt leſs conſpicuous. The horny or 
bony parts, and even the ſhanks of the ſting, 
are inſerted in all theſe muſcles. Two of the 
muſcles, which are ſomewhat leſs conſpicuous, 
encompaſs or ſurround that fide of the 2 
which is the thickeſt, being connected wi 

the caſe or ſheath. There is likewiſe a ſmall 
horny or bony part there, conſtructed or formed 
in the ſame manner as the little bone in Birds, 


called the perſpicillum, which is properly. pro- 


duced or originated from the collar-bones con- 


creted together. This little part is particularly 
articulated, and by the help of its muſcles 
ſeems to move the ſheath or caſe of the ſting 
regularly outward. | | 
I ſhall now deſcribe the ſhanks of the ſting, 
and ſhew that it is not a fimple but compound 
part; that it conſiſts of two ſhanks, and a ſheath 
wherein the ſhanks are kept, like two ſwords 
in one ſcabbard. Theſe ſhanks of the ſting 
are not conſtructed in the manner of the crurs 
of the penis or clitoris, which ariſe each from 
a diſtin& place, and at length meet and conſtr 
tute one body; for the ſhanks of the ſting con- 
tinue all the way diſtin from each other, 
though 


bladder in the human ſpecies: 
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though their ints be ſo near to each other, 
that the — ſpace can ſcarce be ob- 


ſerved, and no body thinks he ſees any thing 
Nr ene par. Each of theſe ſhanks is fur- 
rowed on one fide, but on the other it is 
ren ed by certam hooks : hence, whilſt 
ſides and points of r nt 
Joined er, the ſting is provid 

fide armed with hooks. But, in order to un- 
derſtand this matter juſtly, one muſt know the 
ſtructure of the ſheath of the ſting; ar e- 
fore I would have it * _ RR or 
ſheath is not in reality di in a 
manner as the ſcabbard of a ſword or knife, 
or like the caſe of a rocket: by no means, for 


the ſword, knife, or other weapon are on each 


ſide hidden in their ſcabbards, and ſurrounded 
or covered entirely by them, nor is the caſe of 


the ſting made like the ſmall open tube or ca- 


nula, through which ſurgeons paſs their inſtru- 
ments, when they are to cut a particular part 
in ſuch a manner as that the adjacent parts may 
remain unhurt. The caſe of the aculeus is 
more like the horn-book made in our country 
for children, or one of thoſe caſes, the verge of 
which is furrowed and receives a moveable 
cover. The ſheath is formed nearly in this 
manner : its inner fide each way is prominent, 
or has a riſing back, or it is ſomewhat bent 
with a double margin; but theſe backs, like 
bolts, agree with and are joined to the furrows 
of the ſhanks of the ſting, and therefore theſe 
ſhanks are very eaſily and conveniently moveable 
up and down, like the operculum or cover in the 
furro of the caſes juſt named. But the ſting 
itſelf is ſituated in ſuch a manner in this ſheath, 
that its. points lie as it were in the open cavity, 
but the crooked hooks ſhew themſelves out of 
the ſheath's cavity; except when the ſting ap- 
pears beyond the extreme verge of the ſheath, 
and is conſequently thruſt out: therefore, the 
lower ſide of the thanks of the aculeus or ſting 
lies always in the cavity of the ſheath, and the 
upper fide is out of it. Theſe fides of the 
ſhanks have crooked hooks, hang out of the 
caſe, and receiving in their furrows the internal 
ribs and prominences of the ſheath, they are 
moved eaſily along the latter; whilſt, in the 
mean time, their upper fides being ſmooth, are 
applied to each other, and with their united ex- 
tremities they form the point of the ſting. 
Further, it is proper to obſerve that one of 
the ſides of the caſe or ſheath is not open _ 
Rs whole length, nor does it reſemble 
inſtrument before named, equally extended 
without its valve: it is rather on the hinder 
part, where it is broadeſt, and united together, 
under which part the ſhanks afterwards paſs. 
This is very er and plainly obſerved 
in the ſting of the Hornet, in which the ſheath 
entirely coaleſces in the hinder part where it is 
thickeſt. But in Bees theſe minute and narrow 
_ paſſages are no where entirely united; there- 
fore the ſheath in that place embraces the 
ſhanks of the ſting, at leaſt in part, by that 
means preventing thoſe ſhanks from moving 


out of their places, as miay be ſeen, Tab. XVIII. 
fig. 111. unders the letters dd. | 
Each ſhank of the ſting has uſually ten 


crooked hooks near its point, and ſome others 


which are leſs remarkable: but the ſheath or 
caſe has no hook at all; becauſe if it had, the 
ſting itſelf could not move backward and for- 
ward in it, Since therefore each ſhank has ten 
hooks, the ſting, when the Bee has given its 


ſtroke; is kept in the wound, being fixed there 


by twenty bearded hooks ; and the more the 
Bee endeavours to draw the ſting out, the deeper 
its hooks penetrate into the wounded part. 
But if the ſting be taken out of the body of 
the Bee, together with the inteſtines and other 
parts, as I have mentioned, it may notwith- 
ſanding then infinuate itſelf more and more 
deeply into the wound, being in this reſpect 
like the heads of vipers, which will bite after 
they are cut off. This we are clearly taught 
by experience, fince we ſee that when the ſting 
is drawn out of the body of the Bee, it pe- 
netrates ſtill deeper into the wound, trembling, 
and as it were ſhaking in all its parts. The 
reaſon of this is evident, for the ſting is thrown 
out together with its ſheath, and all the carti- 

es and muſcles belonging to it, together with 
the poiſon bladder. I have often made the 


before-mentioned experiment in tan-leather 


gloves. The Bee muſt firſt be ſuffered to fix 
its ſting in them, and then it muſt be taken by 
the wings and pulled away forcibly, ſo that the 
ſting may be drawn out of the body. One 


may. ſee that the ſting penetrates deeper 


and deeper into the leather: nor indeed is 
there any thing to hinder the doing of this, 
ſince the ſting conſiſts of the two ſhanks before 
deſcribed ; which, as their tops or ends are 
united together, ſo both and each of them ſe- 
parately may be moved: therefore, whilſt one 
ſhank is fixed in the wound, the other may be 
thruſt further and deeper; and where this latter 
lies firm by means of its crooked hooks, the 
former, on the contrary, may be inſinuated 
deeper into the wound, or thruſt into it deeper 
than the former. By this means the ſting and 
its ſheath penetrate further into the wound, 
Therefore it frequently. happens, that the 
ſhank of the ſling is drawn further back into 
the caſe, and the other thruſt out of it in pro- 


portion. Thus when the Bee hath ſtruck the 
glove, and the ſting is then taken out of it, it 


is frequently found that one ſhank appears fur- 
ther ſtretched out of the caſe than the other; 
that is, the two ſhanks of the ſting have been 
then unequally fixed, and one is ſtruck in more 
deeply than the other, and fixed there by means 
of its crooked hooks, When the ſting with 
its appendages has been juſt pulled out of the 
Bee, if it be lightly put into any callous part 
of our skin, the fame conſequence naturally 
ſhews itſelf: for it is then plainly obſerved, that 
the ſting penetrates every moment deeper and 
deeper into the wound ; but however it does 
no harm, provided the callous part be thick 
enough to prevent the poiſon from reaching or 


entering 
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The BOOK of 


entering the blood-veſſels, for that naturally 

diſcharges its ſtrength into the blood. | 
It is now time to treat more particularly of 

the beards or crooked hooks of the ſting. If 


you put them under a powerful microſcope, 
you will ſee them almoſt like Cats claws, 

is, they are ſomewhat bent inwards, and their 
extremities are entirely tranſparent, but they 
are not moveable like the claws of beaſts : the 
ſhanks that conſtitute the ſting and their 
crooked hooks are all plainly cartilaginous and 
ſufficiently flexible, but they are connected by 
no articulations. | 

No joints are obſerved either in the ſheath 
or the ſting itſelf, though I was once of the 
contrary opinion. My error aroſe from hence, 
that upon fandling it the air run into the ca- 
vity of the caſe, and by its clearneſs or bright- 
neſs, and by the bubbles it formed, rendered 
conſpicuous the poiſoned liquor, which ſtill re- 
mained in the ſheath, ſo that it appeared to me 
as if the caſe itſelf of the ſting was articulated 
or jointed. 

If the ſting be ſeen ſtretched or protruded 
out beyond the extremity of the ſheath, and at 
that time the Bee diſcharges its poiſon, then 
this poiſonous liquor is not thrown out beyond 
the caſe, but appears upon it like a little drop. 
But when the ſting is moiſt or wet, the poiſon 
alſo is further diffuſed, as it happens when the 
Bee gives any perſon a ſtroke, and afterwards 
infinuates its poiſon into the wound. Nor can 
it be pres) ſince the ſting, the hinder part 
whereof is thicker, ſtops or cloſes up the 
wound ſo entirely, that the poiſon has no en- 
trance or paſſage into it, but through the inter- 
ſtice of the ſhanks of the ſting itſelf. 

Therefore the proverb applied to Bees is very 
true, There is no honey without ſome gall.” 
Though I can find no bile in this inſect, yet 
the poiſon thus called gall may be diſtinguiſhed 
very clearly in it; nay, a great quantity thereof 
may be eaſily collected: this I ſhalt at ſome 
time endeavour to do, when TI ſhall make ex- 
periments on this poiſon. It would indeed be 
eaſier to obtain it out of the Hornets, Waſps, 
and Humble-Bees, the poiſon-bladder of which 
is larger ; but one cannot get theſe creatures in 
ſuch numbers as Bees. If any one deſires to 
examine the Bee's poiſon-bladder filled with 
poiſon, he muſt kill the Bee, which may be 
done by throwing it into a bottle of ſpirit of 
wine. The Bees may be otherwiſe killed with- 
out handling them, by the ſmoak of that kind 
of fungus called crepitus lupi, or the puff- ball, 
or with that of linen cloth folded as in making 
tinder. The latter, in my opinion, is the beſt 
way of killing them : for though you handle 
Waſps, Humble-Bees and Hornets ever ſo lit- 
tle, they immediately diſcharge their virus or 
poiſon out of their formidable ſting, and then 
none of it is found in the bladder, which is 
otherwiſe full of it. I preſerve ſome ſuch 
bladders in my collection, as moſt extremely 
meriting the inſpection of the curious. 


The poiſon is collected in the bs 
manner: draw the ſting and 88 
together out of the body, and the blad- 
der, as I repreſent in Tab. XVIII. figure v. 
being taken with the tip of the fingers, put the 
point or top of the ſting into a thin tube, 
and then preſs or ſqueeze the poiſon into the 
latter —_— the ſting out of the bladder: 
you may afterwards blow the poiſon together 
into another glaſs veſſel, and make the experi- 
ment thereon ; but all this _ be done very 
ſpeedily, ſince this poiſon is eaſily coagulated 
xo oO of the ern Another method is 
to wound the bladder a little, and then to im- 
merge or put into it the top of a thin glaſs 
tube; and thus the humour will deſcend ſpon- 
taneouſly, or be forced into the tube: but the 
former method is better than the latter for thoſe 
who are expert in theſe things. 150 

When the poiſon is expreſſed out of its blad- 
der, it very eaſily exhales, by reaſon of its ſub- 
tile and ſpirituous nature, leaving a conſiderable 
cruſt on the glaſs, which when ſcraped off ap- 
pears like duſt: whether this duſt has ſtill any 
poiſon, is yet unknown to me. The poiſon 
vrhich the Bee diſcharges through its ſting in 
the form of a round drop, ſometimes concretes 
about the ſting itſelf, preſerving the ſame round 
ſhape, and thus affords a very agreeable ſpec- 
tacle, for it reſembles a little drop of clear 
water, hanging as it were out of the ſting. 

When the Bee hath given a wound, the ſting, 
as I have obſerved before, uſually remains in 
the wound by means of its hooks. But whe- 
ther the Bee can wound or pierce the skin with 
its ſheath only, and ſo not leave its ſting in 
the wound, is ſtill unknown to me: The 
ſheath is indeed very ſharp. The Bee there- 
fore ſeems able to wound with this alone, if 
it draws in the ſting at that time; ſince we 
likewiſe obſerve, that this ſting is not always 
equally prominent out of the caſe; it ſome- 
times lies entirely out of the extremity of the 
ſheath, and is ſometimes lower and ſome- 
times higher up in this its caſe. 

When the ſting remains fixed in the wound 
the Bee muſt die; for, beſides the ſting itſelf, 
the Bee then loſes its inteſtinum rectum, or the 
ſtraight gut, and the parts annexed to it ; nay, 
even the horny parts and their ligaments are 
broken off from the extreme rings of the body, 
to which they are united. And we are parti- 
cularly to obſerve here, that the whole poiſon- 
bladder, together with the ſting, is then drawn 
out of the Bee's body; and as it remains out 
of it, it ſtill compreſſes itſelf by the laſt action 
of its muſcular fibres, and drives its poiſon 
deeper into the wound. For this reaſon, if any 
one be ſtung by a Bee, it is by no means pro- 
per to take the ſting by the hind part in order 
to extract it or get it out, becauſe, by this 
means more poiſon is always thrown into the 
wound. It would be better to cut off with 
a pair of ſciſſors all the parts of the ſting which 
hang out of the wound, and then to take 2 
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the reſt with a ſmall needle. I have ſometimes 


ſeen the ſtomach itſelf drawn with the ſting 
out of the body of the Bee. | 

If you would render the poiſon of the Bee 
jneffectual, and the Bee itſelf tame, make it 
thruſt its ſting into a piece of leather, and then 


ut off the top of it; by this means all the 


oiſon flows out of it, and the creature becomes 
ttactable and gentle whilſt it lives, nor can it 
afterwards, though it ſhould probably generate 
poiſon anew, do any miſchief. 
From what has been here ſaid, it appears 
how dangerous it is to irritate Hornets, ſince 
they have very formidable arms, and always 
carry poiſon about them. : | x 
In Hornets the poiſon-bladder is exceſſively 
firm, and is twice as big as in Bees. The 
learned Mouffet relates a very remarkable thing 
of theſe creatures: he ſays, the very accurate 
Penny faw a Hornet kill a Sparrow with a 
ſtroke of its ſting. Theſe are his words : 
« Whilſt Penny was at Peterborough in Eng- 
* land, he ſaw in the ſtreet a Hornet in pur- 
te ſuit of a Sparrow, which it ſtruck at laſt 
« with its ſting and immediately killed it, and, 
* to the great aſtoniſhment of the ſpectators, 
« fed itſelf with the blood of the dead Spar- 
* row.” How terrible theſe creatures are on 
account of this poiſon which they carry about 
them, is likewiſe evident from the promile for- 
merly made by God to the Iſraelites in Exod, 
xxiii. I will ſend, I ſay, my terror, like a 
« Hornet before you, who ſhall drive out the 
c Hivite, the Canaanite, and the Hittite from 
te before thee.” But God has no need of theſe 
hoſts to chaſtiſe his people; he can do it even 
by the ſmalleſt inſects, and convert the duſt 
of the earth into Lice, if the number of other 
plagues ſhould chance to fail : for what is 
above the power of him who ſhews himſelf 
adorable in all his works ? 
The queen or female Bee is furniſhed with 
a ſting, as I ſhall afterwards deſcribe in the diſ- 
ſection of that kind, Among the Hornets 
the females only have ſtings, which are longer, 
ſharper, and ſtronger than in the Bee, and 
armed with ſeveral frightful hooks. How the 
males of the Humble Bees and Waſps are cir- 
cumſtanced, in this reſpect, I have not been 
yet able to examine, on account of the variety 
of buſineſs wherein I am engaged. I would 
only have it obſerved here, that the males of 
the Hornet have no ſting, in like manner as 
the drone or male is without it among Bees; 
that the males of theſe two ſpecies agree in 
this reſpect, and are very peaceable creatures, 
free from all miſchief and injurious deſigns, 
and delight in love and generation only. There 
is the like meckneſs obſerved alſo in the males 
of Ants, and their teeth are therefore much 
ſmaller than thoſe of the females ; among Ants 
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alſo there is a third ſpecies which do not con- 
tribute to generation, . but ſerve only to rear up 
their young. 1 Wile Bo | 

I have before given my opinion of the prin- 
cipal uſe of this poiſon in the Bee, that is, I 
think it contributes to prepare what is called 
the Bee-bread into wax : this, however, requires 
to be yet more accurately inveſtigated. The 
whole ſting, .nevertheleſs, great as it is, ſeems 
to be appointed only to do miſchief, and form- 
ed by nature ſolely for that purpoſe, that the 
Bees may, by the help of it, defend their 
young againſt the inſults of other creatures, 
and feed them in ſecurity. Since therefore the 
nouriſhing of the ſtock is committed to the 
common working Bees, hence it ſeems pro- 
bable that they, particularly about the time of 
ſwarming, and a little after, are as furious and 
as much inclined to ſting and do miſchief with 
their poiſon, as they are eager to preſerve as 
well the iſſue committed-to them, as their own 


proper food. It would not be improper to 


conclude from thence, that the ſting and the 
power of doing hurt with it, are given them 
on that account. The truth of this will be 
more evident to any one who confiders that 
the females of the Hornets are likewiſe pro- 
vided with ſuch weapons, though they never 
form any wax, but build their habitations prin- 
cipally, as it appears, of the bark of trees faſ- 
tened together. Hence varioiis colours are 
obſerved in their neſts, according to the variety 
of the bark of trees which they have uſed in 
building them. We likewiſe ſee in the time 
of copulation with what fury the Stag ſtorms 
and rages if any one comes near him: this 
Harvey very accurately deſcribes from experi- 
ence. Nay, even the otherwiſe inoffenſive do- 
meſtic fowls will fly in the face of thoſe who 
endeavour to take away their young, and even 
Bitches and Cats, however mild and gentle they 
are, yet cannot endure to have their whelps 
and kittens touched. Theſe are the arguments 
which nature ſupplies for eſtabliſhing the uſe 
of the poiſon, But that the poiſon, in prefe- 
rence to any thing elſe, is given to theſe in- 
ſects with deſign to hurt mankind and all other 
animals by it, and that their ſting alſo, as ſome 
think, is made to torment and harraſs the hu- 
man ſpecies for the hereditary ſtain of mortal 
ſin, is moſt abſurd, and plainly contrary to 
the infinite goodneſs of God: he does not vex 
or torment but kindly chaſtiſes, unleſs when 
the number of their fins voluntarily committed 
are increaſed beyond all meaſure. I ſhall here 
conclude this diſſertation on the working Bee, 
ſince it is not granted to us to ſearch perfectly 
into the divine works with our limited ſhallow 
underſtandings . I have propoſed the mat- 
ter, and with my own hands deſcribed and de- 
lincated the ſituation, ſtructure and uſe of their 


* The Bee has been honoured with the notice of philoſophers from the earlieſt time. What Virgil has ſaid of this inſect is 
principally from Ariſtotle. Theophraſtus has alſo wrote expreſsly on them, and we read of a greek naturaliſt who retired from 
human kind, and paſſed a long time in the woods to obſerve them. But the labours of all theſe anſwered little purpoſe: it is 


not till very lately that we have underſtood their nature, and we owe more to Swammerdam than 


inquiry. 


to any one author in this 
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and therefore theſe various obſervations heart. Theſe air-pipes or pulmonary ** 


parts 3 


leaſes God to are ſupported by ſome tender and very delicate 
g membranes c c c ec, which keep the fat that lines 


all d d about and underneath them in its place. 
Through theſe little membranes, and on each 
fide of them, in ſome places, a ſubjacent oyary 
eee is found to ſhew itſelf. If the difleQtion 
be made in the manner I have directed, about 
the fat of the little membranes that connect 
the extremities, there will be ſeen alſo ſome 
muſcular fibres, broken off from the rings of 
the abdomen, which ſerve to move the muſcles 


may be of uſe to us, until it 
throw more light on our knowledge of the 
ſubject; for in this way we may at length moſt 
eaſily know the Architect of nature, from whom 
we are the further removed, the further we 
proceed, if we only indulge our own vain 
reaſonings. | 

The order I have preſcribed to myſelf re- 
- quires that I ſhould now exhibit the anatomy 
of the female Bee: I fay, the female, which, 
as it is a diſtin inſe& found in the hive, fo 


it is by a common error generally dignified with fff ff Under the ſections alſo, between the 
the glorious title of king, though by ſome it is fat, ſome muſcular fibres preſent themſelyes, 
more properly called the Mother-Bee. I ſhall which ſeem to contribute very powerfully to 
endeavour to follow ſuch a method in this hiſ— dilate and conſtringe the heart, and at ſome 
tory, that, as the female has many parts in times to puſh the air through the compreſſed 
common with the working Bee, I ſhall only pulmonary pipes towards the heart. Even the 
deſcribe thoſe which that kind has not, toge- membranous fibre which connects the fat, like- 
ther with ſome others, which I have obſerved wife embraces the whole ovary underneath, 
more clearly in the female. Among theſe I which by. this means comes in view when that 
mention in the firſt place, the heart. Tab. membrane is carefully cut, the- heart removed, 
XIX. fig. 1, 4 4. This is a tube pretty ſtrong and the great number of pulmonary tubes which 
and fibrous, it is oblong, and here and there are connected with the ovary and heart, and this 
dilated, it is extended in length from one end membraneand the fat are removed. The numbers 
of the body to the other, and then turning Tab. XIX. fig. 1, 1, 2, 3, 4, 5, 6, denote 
about, it paſſes through the narrow little part the rings of the abdomen, undet which, as in 
or horny tube, which, like a thin filament con- the back, the heart is ſituated. 

nects the breaſt with the belly. In order to The greateſt part of the ovary is lodged in 
diſcover the heart in the abdomen, as in that the uppermoſt region of the abdomen, and 
part it may be beſt ſeen, it is neceſſary to diſ- ſtands as a partition between that part and the 
ſe& or lay open the horny rings of the body breaſt, ſo that the other viſcera, that is the 
with ſciſſors or a knife, taking care at the ſame ſtomach, inteſtines, vaſa crocea, or yellow 
time not to hurt any of the parts that are un- veſſels, and others, are placed much lower in 
der theſe rings; for the outermoſt part of the the body. 

rings of the body is ſo thin and tender, that not The ovary is divided into two parts, fig. 111. 4 
only the pulmonary tubes may be ſeen tranſ- c, in the fame manner as it is in the human 
parent through them, but one may alſo diſtin- —Hecics, in quadrupeds, fiſh, and many other 
guiſh, though obſcurely, the motion of the ſpecies of inſets, and even in frogs. Theſe 
heart under it. The pulmonary tubes in the parts of the ovary are more or leſs ſeparated 
female are not ſo frequently divided or expand- 
ed into bladders as in the working Bees, which here they lie contiguous to one another ; one 
difference is ſo ordered by nature, that the part indeed is placed in the right, another in the 


from each other in thoſe different animals, but- 


working Bees may fly the more conveniently 
and expeditiouſly; whereas the female is under- 
ſtood to fly but once a year, that is, when they 


left ſide of the abdomen ; beſides, the ovary 
here is ſo firmly connected by the pulmonary 
tubes that run through it, that it cannot with- 


ſwarm. However, I cannot entirely agree with out difficulty be ſeparated. | 
this tradition, but rather think the female goes The ovary appears to the eye as a membra- 
out of the hive in fair weather, in order to naceous little part, ſo wonderfully delicate and 
breathe a purer air. It muſt be obſerved, with tender, that the containing membranes are 
reſpe& to the diſſection of the body, that its ſcarce any hindrance or impediment to the 
rings are at their origination of a full rediſh encloſed eggs being diſtinctly ſeen through 
brown colour ; but of a yellowiſh red where them. 

they become membranaceous. In the midſt of 
them are ſeen two or three blackiſh lines, and into two parts, and each of them is again ſub- 
the extremities of the rings grow black again, divided into two fingle parts, which, for diſ- 
and are very thin, and provided with a horny tinction's fake, may be called the oviducts, 
verge. This obtains only in the lower parts. though they in reality conſtitute the ovary it- 
If the upper part of the ring of the abdomen ſelf, and give to the eggs which lie in their ca- 
be broken and carefully raiſed up, as I have be- vities both coats and ſubſtance, and whatever 
fore adviſed, the heart, Tab. XIX. fig. 1. a a, elſe belongs to their nature. This, however, is 
immediately comes in fight, and appears to be otherwiſe in birds and ſome of the quadrupedes. 
ſituated in the uppermoſt region of the abdo- In the larger animals, and in the human ſpecies, 
men, and is furniſhed with many ſmall and there is obſeryed a conſiderable difference as to 
delicate air-pipes þ 6 b, which iſſue from each this matter; for the human ſpecies, as allo 
ſide, and are inſerted in the ſubſtance of the quadrupeds, Cows, Sheep, Dogs, Cats, RO_e 

a 


rats, OE” 


The ovary, as I have obſerved, is divided 
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ovary, and are from thence afterwards conveyed 
through a paſſage made for that purpoſe only, 


the fallopian tube, at once into the uterus, nor. 


do they ſuffer any change in all this journey. 
In Birds, on the contrary, the egg is but half 
ed in the ovary, the yolk only being 
formed there ; but the white and ſhell is after- 
wards added to this in the oviduct called their 
uterus. In ſome quadrupedes, as Frogs, the whole 
animal, which appears at firſt in the form of a 
round egg, acquires its full perfection in the 
ovary, but it is afterwards covered over in the 
oviduct or tube, with a viſcous matter, with 
which it deſcends into a kind of hollow encloſed 
membrane, which is their uterus: this viſcous 
matter is the firſt food the animal ſwallows. 
In Bees the egg obtains its beginning and per- 
fection in the ovary, which performs the office 
of an oviduct, tube, and uterus or womb, all in 
one. This ovary appears to the obſerver at firſt 
like a ſmall and ſimply membranaceous tube; 
but in reality there is a neceflity for much 
more apparatus. But our imperfect reſearches 
can go no further than our eye- ſight reaches. 

Behold, then, after what nianner the omnipo- 
tent Architect hath retrenched, as it were, 
ſeveral parts here from the uſual oeconomy of 
nature, and contracted them into one! 

In the Silk-worm's Butterfly, the ovary is 
in this manner alſo divided into two parts, and 
each of them again divided into four others, 
which I call oviducts, whoſe ends or extre- 
mities are of a ſimilar ſtructure with thoſe of 
Bees. In the Rhinoceros Beetle alſo the ovary 
is in the ſame manner divided into two parts, 
each of which is again divided into fix oviducts. 


In the Humble Bee I found each fide of the 


ovary ſeparated into four parts. In the Waſp, 
which lays more eggs than the Humble Bee, 
I ſaw the ovary, Tab. XIX. fig. Iv. a a, divided 
on each ſide into ſeven oviducts. But here 
in the female Bee ſo many oviducts occurred, 
that I was not able to reckon them ; for not 
only the great number of the diviſions prevent 
the counting them, but alſo the extreme ten- 
derneſs of the texture ; whereby they are very 
eaſily deſtroyed under our hands: to this may 
be added the very ſtrong knots, by which the 
2 tubes bind theſe oviducts to them. 

or could I any more reckon how many 
eggs there were in each of theſe oviducts; 
but this is very eaſily done in the Humble Bee, 
in whoſe oviduct I computed ten larger, and 
ſome ſmaller eggs. In the Silk-worm Butter- 
fly I have fometumes counted ſixty or ſeventy 
eggs in each oviduct ; but in the Bee I could 
by no means determine the number of the 
eggs: in another ovary I counted fixteen or 
ſeventeen large and ſmall eggs in one duct; 
ſo that the Bee has a ſmaller number of eggs 
in each oviduct, than the Silk-worm Butter- 
fly. I afterwards attempted to count the ovi- 


ducts in another female; but here again I had 


as little ſucceſs, both on account of the ſtrong 
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| and the like, acquires their full perfection in the 


connexions of the parts one with another, as 
becauſe I could not ſpare the neceſſary time: 
Upon comparing the numerous oviducts, which 
I had found with the . greateſt labour, with 
thoſe in the other part of the ovary, which I 
had not computed, I think I may venture to 
affirm that there were more than three hun- 
dred oviducts in the ovary of the Bee. And 
hence, if this number of 4300 oviducts be mul- 
tiplied by the number 17, (for there were fo 
many diſtinctly viſible eggs in one oviduct, when 
the female was entirely perfect,) it will reſult 
from the whole, that there are five thouſand 
and one hundred viſible eggs in one female 
Bee, and yet theſe ſo different from each 
other in ſize, that one would be ſurpriſed ; 
for thoſe that are to be laid laſt, are no more 
than rudiments ſo ſmall as to eſcape not only 
the eyes, but even my beſt microſcope, and 
are to be numbered by Him alone who formed 
them. The extreme points or ends of the 
ovary, which contain theſe minute eggs, are 
placed in the uppermoſt and higheſt re- 
gion of the belly, and are there as it were 
folded and turned back. The ſame thing is 
ſeen in the Humble Bee, and Waſp, and alſo 
in the Silkworm Butterfly ; but in the Waſp 
the ovary terminates in wonderfully long pro- 
ductions, Tab. XIX. fig. iv. 66 , which are 
ſo interwoven with the pulmonary tubes, that 
one would think them a little net compoſed 
only of thoſe tubes. It is to be obſerved that I 
here repreſent a double ovary, and that one of 
its ſides, fig. 111. a, is taken out of a fully preg- 
nant female; the other out of one c not ſo far 
gone: and hence a great difference ariſes in 
the form of the ovary. The eggs, ff, iii, 
which are repreſented in the extremity of the 
Bee's oviduct, that was not ſo far gone in her 
pregnancy, are by far more numerous, ſmaller, 
paler, ſhorter, and more oval, as alſo more 
pellucid and tender than thoſe which are ſi- 
tuated in the lower part of the oviduct ; out 
of which the eggs finally iſſue and are pro- 
duced. This is conducted in the ſame manner 
by nature in other inſets, I have obſerved it 
in the ovary of the Louſe, but in the ovary of 
the Frog all the eggs are of the ſame ſize : in 
the human ſpecies, in quadrupedes, and birds, 
they always differ in magnitude. And it muſt 
be here obſerved, that in the ovary of the leſs 
forward female, ſome eggs appear larger than 
others, fig. 111. ////; though they be al- 
ready come down to the lower parts of the 
ovary. But this, as I have obſerved, I never 
ſaw except in females, which did not increaſe 
their colony as they ſhould have done, and 
when there was ſome confuſion in the hive : 
therefore I really think that the female's 
ovary has then ſome ſpecies of a diſorder, 
And hence I have, in order to prevent the ne- 
ceſſity of two figures, on * de à delineated 
part of the ovary of the real pregnant female 
Bee; for thoſe are now called queens or fe- 
males by our Bee-keepers, which enrich the 

hive 
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hive with a numerous off- ſpring, and plenty of 


wax and honey; and it is there obſerved that 
the eggs g yy 4 are almoſt all of a ſize, and 
by degrees decreaſe the higher they are fitu- 
ated. The extreme ends of the oviducts re- 
ſemble in the real prolific Bee ff, delicate, 
fine and ſcarce viſible filaments, which are 
likewiſe crooked at their extremities, and are 
furniſhed with rudiments of oblong and almoſt 
equal eggs, which at laſt become ſcarcely 
viſible. ö 

Where the ovary is more protended or 
ſtretched downwards in the lower region of the 
abdomen, it there terminates in two very con- 


ſiderable ducts bb, nn, which reſemble the 


two cornua or horns of the uterus in quadru- 
pedes. All the other oviducts open into them, 
and bring their eggs thither, which is the caſe 
not only in the true female prolific Bee, but 
alſo in the others, though in a leſs regular 
manner. Theſe two ducts are dilated by de- 
grees, and become ſo conſiderably larger; 
that they appear at length like a globular 


. maſs pp; but when I opened them there, in 


the real prolific female, I found in each fide 
nine or ten eggs 999g , which had deſcended 
ſo far, and are there probably covered with a 
ſtronger coat or tunic, or are changed and 
prepared in ſome other manner, ſo that they 
may be afterwards emitted with ſafety out of 
body ; for the Bees do not lay their eggs as 
they naturally fall, like hens, but ſet them up- 
right. Theſe eggs, Tab. XIX. fig. 111. 97779. 
here likewiſe appear though faintly through 
theſe horns of the womb if it be proper to 
give them that name. For the uterus or ovary 
is in that part fibrous or muſcular, and there- 
lore is of a proper texture to puſh the eggs 
torward, and expel them out of the body ; 
nor do I doubt but the oviducts have alſo ſome 
muſcular fibres. A little lower, near the ex- 
tremity of the body, theſe two horns of the 
uterus become narrower again, and at length 
they unite in one canal, which is likewiſe fi- 
brous, and has a kind of periſtaltic motion /. 
The ſpinal marrow paſſes through the extre- 
mity of this aperture, which 1s left between 
theſe two ducts near where they are to unite o, 
indeed juſt above the place where this union 
happens; and there give ſome. nerves to the 
ducts, by the help of which they acquire a 
power of moving, and the inſect is enabled 
to diſcharge its eggs at its pleaſure. This is 
the method wherein the ſpinal marrow paſſes 
through the ducts of the ovary in Humble 
Bees, and the ſame is ſeen in Waſps. Many 
pulmonary tubes are alſo fixed into thoſe two 
horns of the uterus rr 77 7, and the whole 
ovary is in like mahner furniſhed with many 
ſuch pipes: it receives them on each fide 
from the dilated pulmonary tubes, which are 
the pneumatic bladders or lungs of the Bee. 
I exhibit ſuch an oblong bladder d in one fide, 
where the ovary of the not fully perfected Bee 
is exhibited, that it may be ſeen by what 
means that bladder tranſmits its ramifications 


into the part of the ovary ſituated on that fide. 
Theſe pulmonary tubes are diſtributed through 
the whole ſurface of the ovary, but they are 
ſeen chiefly about the eggs themſelves : this . 
have repreſented in a very ſmall egg, as may 
be ſeen under the letter , in fig. v. The egg is 
there delineated magnified together with all 
. tubes. In the extremity of the 
y is afterwards ſeen a ſmall part exactly 
globular of ſpherical, fig. 111. f f, containing 
a ſlimy matter in it, by means of which the 
ends of the eggs are faſtened in their waxen 
cells. About this globe part two other ex- 
uberant parts are to be obſerved, like crooked 
horns « « terminating in one foot-ſtalk or tube. 
Theſe are afterwards inſerted in the uterus, 
This tube draws the matter contained in the 
ſpherical particle out of it, Tab. XIX. fig. 111. 
Ft, and with this matter afterwards moiſtens 
the eggs that paſs through in order to be laid. 
Thoſe two veſſels uu have their extremities 
cloſed up, and ſeem to me to ſecrete the glu- 
tinous matter found in the ſpheric bag, and to 
depoſit it into the latter; unleſs the glue be 
rather ſecreted in the bag itſelf, which I rather 
believe. Theſe cloſed veſſels are likewiſe very 
remarkable in Humble Bees ; but the bag has 
a different figure in that inſect. In the Hornet 
the bag is likewiſe ſpherical, as it is here in the 
Bee. In Waſps it is of a pear-ſhaped figure, 
fig. Iv. e; but the cloſed veſſels, or thoſe which 
ſecrete the ſlime, if it be fo, are not ſo large, 
or remarkable there as in the Humble Bees 
or Bees. In the Silk-worm Butterfly theſe 
veſſels are very conſpicuous, but there is no 
ſuch bag of ſlimy matter there. The ſpheric 
3 or the bag of ſlimy matter in the Bee, 
as two coats, the outermoſt whereof is whi- 
tiſh, muſcular, and in a wonderful and very 
beautiful manner interwoven with an infinite 
number of pulmonary tabes, ſo that one would 
ſay it was wrought with a needle. The out- 
ward coat may be caſily taken off from the 
under one; and when this is done, that little 
part appears more exactly globular, and be- 
comes of a faint purpliſh colour, variegated 
with white ſpots. If the inward coat, which 
is thicker and more glandulous than the for- 
mer, be opened with a ſmall pair of ſciſſors, 
a turbid or thick moiſture flows out of it, 
which is like glue; it ſticks to the fingers, and 
may like filk be very eaſily ſpun out into 
threads, which immediately grow dry in the 
circumambient atmoſphere. By the help of 
this ſlimy matter the female Bee fixes its eggs 
in the cells : the Hornets and Waſps alſo glue 
their eggs ſo firmly in their places, that they 
cannot be afterwards removed without injur- 
ing them ; but the eggs of the Humble Bees 
are not ſo firmly fixed. I have obſerved ſome- 
thing ſingular in theſe, and therefore I ſhall 
delineate the method whereby this fixing of 
them happens, after I have finithed the hiſtory 
of the female parts. The Silk-worm Butterflics 
likewiſe have their peculiar cloſed veſlels, 
which contain the ſlime that ſerves to fix their 


eggs. 


I have likewiſe obſerved the ſame thing 
ice of the human head, which differ from 
thoſe of other animals greatly. Theſe have a 
conſiderable ovary, likewiſe divided into two 
parts, each of which is again divided into fix 
oviducts containing a great number of eggs or 
nits. Theſe eggs likewiſe differ from cach 
other in bigneſs, and when they approach. to 
being laid, thoſe that are firſt laid and faſtened 
down are much larger than the latter ones: 
this is likewiſe the caſe in Waſps, whoſe 7 
are ſmall and oval, Tab. XIX. fig. Iv. d d. 
The bag of ſlime has, as I have obſerved, on 
the lower or otherwiſe on its ſide, an ob- 
long duct, by the help of which it is connect- 
ed with the excretory paſſage of the eggs, fig. 
111. x, and therefore when the egg 
through their excretory paſſage in that part 
under the tube of the bag of ſlime, they are 
covered over with its ſlime, which makes one 
end of them afterwards, when they are diſ- 
charged, adhere to the wax; but how or 
where the orifice of this exctetory paſſage is x, 
and what parts are to be ſeen there, I have 
not yet obſerved, ſince very few females are 
to be found in theſe unhappy times, Whoſe 
wars and flaughters have deſtroyed even the 
Bees in our country : to this may be added, 
that what has been laid down cannot be ſeen 
ſo exactly, unleſs the hinder parts of the body 
of the Bee are taken out, which I would not 
attempt, becauſe the reſt of the parts were in 


have nothing more to ſay on this ſubject. I 
ſhall only obſerve that the letters y y indicate 
the external muſcular parts of the ting, as 
naturally bent , when broke off. z Exhibits 
the poiſon bladder with its tube «, and cloſed 
appendages & s, and its tube y, protended or 
ſtretched towards. the ſheath + the ſting. 
C Repreſents the laſt gut called the rectum; 
all the parts before recited are here expreſſed 
in their natural form, but greatly magnified. 
There are likewiſe ſeen two little parts « «, 
wherewith the ſting is furniſhed on each 
fide; theſe we have ſeen deſcribed in the 
hiſtory of the common working Bee, which 
has them in common with the female. 

As to the ſtomach, inteſtines, vaſa crocea, 
or yellow veſſels, and other parts, all theſe 
are conſtructed in the ſame manner in the 
female, as I have before deſcribed them in 
the working Bee. I thought I obſerved ſome 
ſmall difference in reſpe& to the colour, as 
well as ſtructure and ſituation, in theſe little 
oblong parts, which I examined in the cavity 
of the working Bee's inteſtine, where this is at 
length dilated. 

The poiſon-bladder is likewiſe very remark- 
able in the female Bee, being throughout 
pellucid, clear, and perſpicuous like a diamond; 
it is as large again as in the working Bee. The 
tube, being conſpicuous in the hinder part 
of this bladder, may be more eaſily diſcovered 
here than in the working Bee: and the other 
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this experiment to be preſerved ; therefore 1 
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tube which is extended from this bladder 
towards the caſe of the ſting, is alſo ſtronger 
and ſomewhat longer in this 5% in the work- 
ing Bee, but as the humour contained in 
this bag appears to be ſo perſpicuous and 
agreeable to the ſight, I have endeavoured to 
taſte it, taking care at the ſame time that I 
ſhould not taſte ſo much of it as that it could 
do me harm. This liquor firſt affected the 
tongue with a bitteriſh taſte, which afterwards 
became more acrid and pungent, diffuſing itſelf 
through the whole cavity of the mouth unto 
the jaws, and forcing the ſaliva out of its 
ducts, and indeed the tongue was affected in 
the ſame manner, but leſs violently, as with 
the root of pellitory of Spain. There was 


s likewiſe a great motion made by it in all 


parts of my mouth, as if I had taſted ten or 
twelve drops of the moſt highly rectified ſpirit 
of wine ; after this, becoming more bold, I 
taſted the poiſon of other Bees, and of Waſps: 
all were alike, al) that I diſcovered that the 
poiſon in the working Bee was not ſo vehe- 
ment as in the female; and again, that what is 
in the female is more mild or gentle than the 
poiſon of the Waſp. What wonder is it that a 
very ſmall drop of this poiſon being violently 
driven between the skin and fleſh, and imme- 
diately mixed with the maſs of blood, ſhould 
produce ſo much pain, pulſation of the arteries, 
ſwelling and inflammation to that degree, that 
not only a fever, but death alſo would enſue 
thereon, if many ſtings were inflicted at once. 
If a ſmall piece of glaſs, or a little wooden 
ſplinter, be ſtruck or fixed in the finger, it 
cauſes the moſt violent pain, what muſt be 
expected therefore from this ſharp and moſt 
penetrating liquor, which corrodes at the ſame 
time, fixes itſelf violently in the parts, diſſolves 
their continuity, and at length creeping into 
the blood-veſſels, diffuſes itſelf, and circulates 
with the maſs of blood through the whole 
body ? it 1s a common obſervation among the 
vulgar that fix Hornets are ſufficient to kill a 
horſe. | 
The ſting, together with all its parts, is con- 
ſtructed in the female almoſt in the ſame 
manner as I have before deſcribed it in the 
working Bee; the only difference I obſerved 
was that it is more remarkably bent in the 
female, though at the ſame time it is very | 
ſharp ; this is probably the reaſon, that the 
female does not naturally wound with its 
ſting, nor can it do it eaſily: from this was 
afterwards framed the fable that the king, for 
ſo they called the female, has no ſting, and 
is of a mild diſpoſition. The female certainly 
threatens a ſtroke, at leaſt, when ſhe is pro- 
voked, as I have learned from experience. 
But what the real uſe of this poiſon is, if we 
are certain that it is given to Bees for ſome 
other purpoſe beſides that of defending their 
offspring, in doing which they lofe their 
lives, I ſcarce ſee how it is poſlible to diſcover. 
I formerly thought it might poſſibly ſerve to 
86g make 
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make the wax; but the Waſps and Hornets 
deſtroy this opinion, which are furniſhed with 
a ſting and poiſon, though they make no wax. 
Nor does the female Bee prepare any wax, 
nor even defend its young; fo that this uſe 
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THE better to illuſtrate what has been 
here advanced of the ſting andits poiſon, 
as alſo of the ovary, I ſhall add ſome particular 
obſervations, which I have ſince the writing 
the former account made on the female Bee. 
On the 16th of June I opened a hive, and I 
found in it ſeveral ſovereigns or females, which 
were ſoon after-to ſwarm, yet lying covered 
in their waxen cells. Of this I was very certain, 
becauſe I found them with their skins caſt, 
and with expanded wings, nay they were 2 
to ariſe out of their cells. In the firſt of theſe 
which I diſſected, an ovary occurred, but was 
not very diſtinctly conſpicuous. I was obliged 
to make uſe of a powerful microſcope to exa- 
mine it, but then I ſaw that there were nu- 
merous oviducts in it, and the eggs themſelves 


Thee BOOK of N ATURE; or 
alſo may be queſtioned or diſputed. Behold 


then, reader, difficult it is to inveſtigate 
nature in her works, and learn with me, to 
cloſe your lips, and candidly confeſs our general 
ignorance and weakneſs, „ 
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as it were innumerable on account of their 
ſmallneſs: I really think there were ten or 
twelve thouſandof them. I could diſtinctly have 
counted them, if I had had a mind to have un- 
dertaken the laborious office of ſeparating them 
from each other : the eggs themſelves, com- 
ed with thoſe which I had before obſerved 
in the female Bee, at the time ſhe is e 
in laying eggs were ſtill very ſmall, nay, thoſe 
which were in the extreme ends of the ovi- 
ducts. were ſo wonderfully minute, and fo thick 
placed together, that I could not diſtinguiſh 
them, but by the help of my moſt powerful 
microſcope. I have likewiſe obſerved the ovary 
inveſted here as with a common membrane, 
which I confeſs I never before ſaw ſo di- 


ſtintly. _ 


The ſecond obſervation on the female Bee. 


1 N a ſimilar female Bee, produced at the 
ſame time, but more mature, which, with 
ſome thouſand of other Bees had ſwarmed 
out of its native hive, and was received into 
another, I ſaw that the ovary was likewiſe yet 
conſiderably ſmall, nor did even the eggs ap- 
pear much larger, than if they were yet in 
their rudiments; and hence J concluded, that 
this female was but juſt excluded from her 
cell, when ſhe flew away in this ſwarm out 
of her native hive. I could not in that ſubject 
obſerve many remarkable things further, nor 
in others, though I had many females ready, 
for all of them died in the ſpace of one or two 
days. But though I threw them into ſpirit of 
wine to keep them from drying, yet many of 


the viſcera were, to my great concern, ſpoiled : 
the reaſon of which was probably becauſe 1 
did not make uſe of a ſpirit ſufficiently recti- 
fied. I obſerved that the poiſon in ſome of 
them was converted to a white matter, nearly 
without taſte or ſtrength, which when ex- 
poſed to the air dried up and evaporated. In 
another I ſaw the * 4 ſeparated and con- 
denſed into irregular white grains, and I could 
very diſtinctly ſee in that Bee the whole 
poiſon duct, which is connected with the 
hinder part of the poiſon- bladder, and which 
perhaps ſecretes the poiſon, covered over with 
coagulated particles of fat, which could not be 
eaſily wiped off. 


The third obſervation on the female Bee. 


I OBSERVED in another female, which I 
diſſected about the ſame time, that one of 
the extremities of the poiſon duct was ſubdi- 
vided into two other cloſed but ſhort appen- 
dages. When I meaſured the poiſon duct, 
from the bag to its firſt diviſion, I found it to 
be a quarter of an Holland inch long, and 
that one of the branches of this divided duct 


was almoſt half an inch long ; and the other 
almoſt two inches. However, theſe things 
cannot be obſerved, unleſs one has firſt very 
cautiouſly ſeparated all the curvature and ſer- 
pentine windings of theſe ducts from the reſt 
of the viſcera. Though this Bee had likewiſe 
lain in ſpirit of wine, yet all theſe parts were 
very diſtinctly conſpicuous and ſtrong in it. 


The 
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The fourth obſervation on a prolific female Bee. 


T N a truly prolific female Bee which had 
I frarmed on the 248h of Jul , and had laid 
many eggs, I obſerved ten or ven days after 
that 1 diſſected it, that the beginning of the 
ovary was furniſhed with a great number of 
perfect eggs; but the eggs that ſtill lay in the 
appendages of the oviducts, were not of that 
ſize or perfection which they are obſerved. to 
have in the oviducts of the prolific Bees diſ- 
ſected in the month of May, at which time 
they are moſtly employes in laying their eggs; 
nor were they ſo pe as the eggs of the 
females examined in the months of autumn, as 
will be made evident in the fifth obſervation. 
From all this I diſcovered, that the female 
which had fwarmed was young, and newly pro- 
duced from her cell. But whether all thoſe that 
ſwarm are young, Icannot yet preſume to affirm 
for certain. Not only thoſe eggs which were 
in the lower the beginning of the 
oviducts, but thoſe which were ſituated higher 
had arrived to their perfect ſize. This ovary 
likewiſe had in it an infinite. number of eggs, 
ſo that in only fourteen little parts which were 
broken off from the appendages of the ovi- 
ducts, I reckoned one hundred and ſeventy four 
eggs. Hence it is not difficult to judge what a 
ſtupendous number of eggs one female con- 
tains. But there was a neceſſity for ſuch a for- 
mation and conſtruction, ſince a whole hoſt of 
Bees of all the three kinds were to 
from one female, as is actually the caſe. This 
numerous family not only contains three, four, 
or five thouſand Bees, but ſometimes nineteen 
thouſand, as hath been obſerved elſewhere. I 
likewiſe in this ſubject diſtinctly ſaw all the 
oviducts on each fide of the ovary unite in 
five principal branches, with which the reſt of 
the oviducts were connected, and through 
which each conveyed its eggs into the common 
ducts. | | 
Notwithſtanding all the pains I took, I could 
not diſcover the orifice of the ovary or vulva 
in this Bee, becauſe I was in the country and 
had not all my inſtruments at hand, and be- 
cauſe I did not take the vulva out of the 
hinder parts of the body, fearing leſt I ſhould 
hurt any of the parts which I thought neceſ- 
ſary to examine. However, I ſaw very di- 
tinctly that the excretory duct of the eggs, 
Tab. XIX. fig. 111. / where it approaches to 
the laſt ring of the body, dilates itſelf into a 
muſcular globule, and then growing narrower, 
at length becomes again wider and more mem- 
branous ; but I could not proſecute this inquiry 
any further, becauſe I deſigned to keep unhurt 
the poiſon bag, which is ſituated in that part, 
together with ſome particular muſcles that be- 
long to the ſeveral parts of the ſting. In an- 
other female I thought I obſerved that the ori- 
fice of the vulva, when the Bee lay on its 
belly, opened under the ſting in the laſt ring 
of- the abdomen, and that it 1s very difficult to 


penetrate into this orifice, unleſs the parts be 
expanded and raiſed at the time the Bee is lay- 
ing eggs: I likewiſe ſaw the fundament very 
plainly, and. its orifice opening above the two 
appendages of the ſting : it was placed in rea- 
lity juſt over the ſting and the two little parts 
juſt now mentioned. I further diſcovered that 
the rectum or ſtraight gut had a kind of cavity 
there, which was full of red and yellow ex- 
crements, but that the inteſtine - itſelf was 
formed in the manner exhibited in Tab. XVIII. 
fg. 1. letter /. | 

I have moreover obſerved that theſe two 
obtuſe appendages, which the aculeus has as 
it were for ornament o o, are in reality the pro- 
ductions of thoſe cartilages, which I have fi- 
gured in Tab. XVIII. fig. 11.7] and mm. But 
the true uſe of theſe N ſeemed to me 
to conſiſt in this, to try beforehand whether 
objects be ſoft or penetrable to the ſting, that 
the Bee may not in vain dart its ſting againſt 
harder bodies, and ſpoil it to no purpoſe. I 
obſerved alſo, that one ſide of theſe little parts 
was covered with a cartilaginous integument, 
and ſet round with fine hairs. | 

Since the ſting with all its parts was here in 
the female conſiderably larger than in the work- 
ing Bee, I could therefore diſcover ſome fin- 
gular things about it which I had never ob- 
ſerved — I firſt obſerved, that the ſheath 
itſelf of the ſting had two ſhanks, to which 
the ſhanks of the ſting itſelf were cloſely 
plied, ſo that the latter may by the help of « 
former, be more regularly moved. Theſe 
ſhanks of the ſheath were in this Bee alſo very 
beautifully bent like the ſhanks of the ſting. 
It is ſcarce credible how beautiful the ſtructure 
of theſe is near the ſheath; for there I ob- 
ſerved likewiſe two ſmall parts, which being 
at their origin bent into an oval form, had a 
verge or border of a brown full red colour; but 
afterwards acquiring by degrees a paler tinge, 
and uniting in a point, they were on one fide 
articulated with the cartilages before exhibited, 
Tab. XVIII. fig. 1. 2 , with which the ex- 
tremities of the joints of the ſhanks of the 
ſting were likewiſe connected in the upper part. 
The little bone alſo, which I have before de- 
ſcribed to be like that in Birds, called ſpecillum, 
was obſerved to be articulated in the hinder 
part with the caſe or ſheath itſelf ; but the poi- 


ſon duct paſſed there only higher up, and im- 


mediately terminated after it had advanced a 
little way in the ſheath. Whether all theſe ſe- 
veral particulars be. circumſtanced in the like 
manner in the working Bee, I have not yet 

examined, | 
I further learned from this diſſection, that 
the two little parts fig. II. 7 7, which I have 
before exhibited in the common Bee, as ſituated 
on the outſide of the ſhanks of the ſting, were 
here in reality placed on the inſide of them. 
I likewiſe faw very diſtinctly, that the muſcles 
moving 
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moving theſe ſhanks upwards out of the ſheath, 


lie in reality in the female between the mar- 


gins of the ſheath in the hinder cavity of it, 


and are there inſerted in the two parts juſt now 
mentioned. Thus I at length N = theſe 
two little principally and chiefly contri- 
bute to bes the ſhanks of the ſting, whereof 
they contribute a part, in their places and pre- 
vent their ſlipping out of the ſheath ; and this 
they can do more eaſily, as they themſelves are 
contained in the cavity of the cafe, out of 


The fifth obſervation on 4 real prolific | Bee. | 0 8 


N a female Bee brought to me in autumn, at 

the time when the is taken from the 
hives and the wax. alſo, and for which reaſon 
two hives are ſometimes then formed.into one, 
I diſcovered the whole ovary to be ſtill full of 
innumerable eggs; ſo that I have from hence 
learned that the Bees never lay all their eggs 
together, as is the caſe with Hens, which com- 
monly clear their ovary entirely, leaving only 
fome fmall rudiments. behind. I therefore 
think, ſince the eggs in the ends of the ovi- 
ducts of the Bee are innumerable, and lie diſ- 
poſed in an delicate order, that they are conti- 
nually diſcharged out of it, and ſucceed in the 
place of thoſe eggs which were before laid. 
In this female, which I preſerved for the ſpace 
of a whole year. in ſpirit of wine; the poiſon 
was likewiſe coagulated and ſtuck in its bag 
like an oval particle of wax, but ſo as that the 
inward ſurface of the bag was ſeparated all 
round from the ſurface of the contained poiſon. 

As I had many Bees at the time when theſe 
females were brought to me, I had an incli- 
nation to try what would be the conſequence 
if the poiſon was mixed with the Bee- bread. 
The following was the event of the experi- 
ment. The friable and otherwiſe very eaſily 
ſeparable Bee-bread, which is not naturally fit 
for working or kneading, nor is at all gluti- 
nous, was, by the admixture of the poiſon, 
inſenſibly rendered tenacious and clammy, and 
having loſt all its friability, began to melt in 
ſome degree at the fire, but it grew black af- 
ter ſome time, exhibiting its former appearance 
of . bread, which never catches the flame, but 
only grows black in the fire. The fame mals 
thrown into water was not diſſolved, but be- 
ing ſomewhat agitated in the water, returned 
to its former diſpoſition, and at length began to 
melt. Some particles of Bee-bread kneaded 
or wrought with the poiſon, and kept fourteen 
days, retained their acquired tenacity, nor did 
they again become friable ; but whether any 


thing can be inferred from this experiment I 
| ; 


In fine weather the Bees conſtantly go out in ſearch of the matter of wax, which they collect from the antheræ of | 
They eat ſome, and lay up the reſt in certain cells of the comb where it is preſſed down by other Bees, and this ſerves them 
to eat in bad weather, when they cannot go out. After they have ſwallowed this, and it has paſſed the operations af the! 
ſtomach, it is wax, which they complete by more workirg and moulding; but though the farina of flowers be the u 


ſtance of wax, human art can never make wax from it. 
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was then in flames. 6 


NATURE; „ ' 
which I have, with the aſſiſtance of a Miche 
and again drawing them downwards into it, cope | 


working Bee what I have juſt now tg 
it was this, that the ſhanks of che i 
drawn out of the ſheath, inſtantly 
ſelves, and hence it then happens 
ION always appear on the 
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would not yet preſume to determine 
ſeems at leaſt in ſome meaſure to follow fiend 
thence, that there is no reaſon to den 
Bee-bread, or that matter which the Bees eatty 
fixed in their legs, and which is of a fimal 
nature with the Bee-bread, may be made ing 
wax. But when I began this experiment, 
had not the matter now mentioned” at handy 
nor could I get it, as the hives were carried 
that time into ſome fields of buckwheat which” 


I have frequently offered the Bee-kcepe 
conſiderable preſent, if they would ſhew me 
real wax adhering to the legs of Bees: but 
though they readily undertook this, they n 
could * Kr it. Therefore the metho® 
whereby wax is made, muſt it ſeems set be 
referred to or reckoned, amongſt thoſe hee: 
which we are hitherto ignorant of, and why 
ought to be — The ſame doubly 
may be raiſed concerning the making of honey; 
though this difficulty may be more eaſily ag 
moved. I have not hitherto been able to maks 
all the experiments concerning this matter 
which I had deſigned. I ſhall therefore cons 
clude theſe obſervations on the female, afterÞ 
have firſt exhibited the manner of ſeeing dis- 
tinctly how the Bees make the wax. For 
purpoſe I ordered a wooden ſtool with th 
or four feet to be fitted into a ſtraw hive, " 
ſuch a manner that the hive might be cones 
niently taken off and again laid on it. I covets 
ed the edges of this ſtool with paper, and 
then in ſwarming time I 


put a new ſwarm into 
the hive, When I afterwards ſaw, that the 
Bees in the inſide had made wax and prop 
gated young ones, which happen in ten. @ 
twelve days. I immediately removed the hive 
from that ſtool, and alſo took away the 
and thus I could very diſtinctly fo the Bee 
working in the ſun-ſhine. But though T have 
never gone through with this experiment, ye 
I know the effect of it, for I have often ſeem” 
that the habitation of the Bees which had made 
| _ 
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| their neſts in the holes of old walls and ruins 


of houſes, was a full ſquare foot wide at the 
mouth, through which _ _— of wax, 
tions might een conveni- 
Re We fhoul not therefore fear that the 
Bees when expoſed thus openly will deſert the 
kive, which is the only objection that one can 
make againſt the propoſed experiment, The 
fear of their flying away will be the leſs, as 
they will have placed their offspring there be- 
fore the operation, which they never after- 
wards relinquiſh. If any one ſhould fear leſt 
the Bees ſhould be injured by the nocturnal 
cold, he might cover them at night with a 
hive or any other larger cover, And in 
the day time they might be put ig ſuch a place 
that they ſhould not be expoſed to the injuries 
of the heat or rain. 

I ſhall now proceed to the hiſtory of the 
male Bee; and here ſhall firſt briefly relate 
ſome things of Humble Bees and their eggs. 
The Humble Bees, as far as I have obſerved, 
do not build neſts or live together, but in the 
winter; like moſt other inſets they abſtain 
from food and motion, and therefore they are 
properly ſolitary Bees. I have ſeen, however, 
that about the end of May, or ſooner, ſome 
few male Humble Bees, and one female which 
is of a larger ſize, gather together in the paſ- 
tures and corn-fields about Amſterdam. The 
place they chooſe to build in is between the ſtalks 
of corn or graſs, and is not deep under the ſur- 
face, but only a little hole burrowed under the 
graſs, in which hole there is found either na- 
turally or heaped together by them, a tender 
ſoft Gert of down or moſs, on a ſmall part of 
which, formed in a kind of bed, with brown 
wax or a flexible matter like it, the female lays 
her eggs. With this matter alſo the eggs them- 
ſelves are all ſealed up underneath and on the 
ſides. But in what manner theſe eggs are de- 

ſited there, and how the young and tender 
Wa creep out of them, and whether they 
eat this ſubſtance, I have not yet learned from 

riments. I have lately however, namely, 
on the 22d of June this year found a perfect 
neſt, in one fide, Tab. XXVI. fig. 1. a, of 
which there were eighteen cells, but in the 
other & only eight. Between theſe was ſeen 
one cell entirely emptyc; and there occured in 
ſeveral places here and there d e f ſome parti- 
cles of the ſame kind of waxy matter : in this 
the eggs were all cloſed up. I ſhall now di- 
ſtinctly deſcribe what I could obſerve upon this 
occaſion. I found one female and ſeveral males 
in this neſt, all which ſhewed by their hum- 
ming and their running anxiouſly up and down, 
that my curioſity was by no means pleaſing to 
them. When I afterwards carefully viewed 
eighteen cells, and opened them by cutting off 
the piece g, I found them all full of little 
Worms, which were to be transformed into 
Nymphs h. Upon obſerving the ſtructure and 
ſubſtance of theſe cells, I found that they 
were all compoſed of threads or filaments, and 
were of an oval figure, and of a colour ſome- 


what approaching to yellow. This I looked 
upon as a ſtrong argument that theſe little cells 
were not made by the Humble Bees, but by 


the Worms themſelves: nay, a certain, though 


not very exact order, was obſerved in their com- 
poſition, ſince one cell was placed in the mid- 
dle and ſurrounded by five others. They were 
all faſtened together in the ſame manner in 
which the Silk- Worm is accuſtomed to affix 
itſelf to paper or wax, by the help of her 
threads. And one of them was more elevated, 
another more depreſſed; on the lower part 
where they reſted on the down or moſs, they 
had contrafted ſome dirt or mouldineſs, by 
reaſon of the dampneſs of the ſoil. I drew 
ſome of the Worms that lay on the inſide out 
of them and left others. And I found that 


thoſe which I had left in their cells, were in 


ſome m_ changed into Nymphs, and theſe 
afterwa 


webs, but died in them, together with the 
Worms that I had drawn from thence, The 


eight cells of the other fide did not appear to- 


be made of this waxy matter : their figure was 


likewiſe leſs regular and orderly, and I there- 


fore imagine they were made by the Humble 


Bees themſelves ; but as I thought that honey 


or Bee-bread might be found in them, I indeed 
greatly admired, when I found only Worms of 
various ſize, and all cloſed up. In each of two 
of theſe cells I found two large Worms:, and in 
another only one &, but this was much larger. 
Theſe Worms taken from thence and put into 
a cornet of paper, covered themſelves with a 
web of an oval figure, and in the mean time 
diſcharged a large quantity of brown regular 
excrements, divided into equal parts, and very 
like the matter wherein they were depoſited. 
In another cell I found a waxen partition /, and 
in one of the apartments thus ſeparated were 
two ſmall Worms, and in the other two that 
were ſomewhat larger. I likewiſe afterwards 
found in another cell three Worms m, and in 
another four =. From what has been here ſaid, 
it is ſufficiently evident how greatly this coha- 
bitation of the Humble Bees is different not 
only from that of the common Bees, but alſo 
from the neſts of the Hornets and Waſps, 
which are made by theſe inſets themſelves, 
and are admirably conſtructed. But what ſeems 
to me moſt wonderful of all is, that theſe 
Worms of the Humble-Bees which ſhould till 
be in a ſtate of nouriſhing, are really ſealed up 
and covered with the waxy ſubſtance. Per- 
haps it may not be improper to conclude from 
hence, that theſe Worms uſe that matter 
wherein I found them covered, in the place of 
other food, and that the parent Humble Bees 
when the firſt quantity is conſumed, again lay 
another new parcel over them. This is in 
ſome meaſure the caſe in ſome Worms, which 
being depoſited in cheeſe, fleſh, fruit and plants, 
lie as it were covered up in their food or nou- 
riſhment ; for thoſe protuberances and knots, 


wherewith the whole inſect is covered, riſe 
Hhh | in 


s in two or three weeks into Humble 
Bees : theſe however did not creep out of their 
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in excreſcences, in plants and fruits, in the 
ſame manner as the N in cheeſe and fleſh, 
at length intirely encloſe themſelves in thoſe 
aliments. And hence it is very probable, that 
theſe Humble Bee Worms likewiſe feed on the 
wax where with they are covered and ſurround- 
ed, nearly in the fame manner as the Wolf- 
Caterpillar uſes the wax for food, and ſupports 
life : this I ſhall hereafter deſcribe in its place. 
Otherwiſe it would be neceſſary that the Hum- 
ble Bees ſhould, in order to nouriſh their 
Worms, continually open and again cloſe up 
theſe cells, which would be a work of tedious 
and needleſs labour, ſuch as cannot be any 
where found in the works of nature, which 
are every where perfectly ſimple. The me- 
thod of nouriſhment I have ſuppoſed becomes 
more probable, if we conſider the order in 
which the Humble Bees encloſe their eggs in 
this matter; for I do not think it poſlible that 
the Humble Bees can ſo exactly know the 
time when the Worms are to be excluded 
from the eggs, and when theſe cells ſhould be 
opened, becauſe they may be in want of food. 
To this may be added, that the matter where- 
with the eggs are covered, can ſcarce be torn 
open any way without hurting them : but I 
ſhall leave this matter in uncertainty, until re- 
peated and more ſucceſsful examinations deter- 
mine it. That I may proceed in my intended 
ed method, I ſhall obſerve here, that I likewiſe 
ſaw an empty cell in this neſt, This was like- 
wiſe made of filaments or threads, and it ſeems 
to me probable that a young Humble Bee had 
crept out of it. At length I alſo broke thoſe 
irregular particles of wax, which were in divers 
places found affixed to the woven cells of the 
Humble Bees: in one of theſe I found fix eggs, 
Tab. XXVI. fig. 1. 4, in a ſecond ſeventeen e, 
and in the laſt twenty-three 7. Theſe eggs 
were pretty large, ſomewhat crooked, and were 
faſtened to the pointed extremity of the ſub- 
ſtance on which they were placed. When 
they were viewed with a microſcope, they ap- 
peared like that kind of rough skin which 
we call ſhagreen. They were of a milk white 
colour, and full of moiſture, and they all ſtood 
erect and ſo near each other, that they were 
almoſt contiguous ;' this made a very beautiful 
appearance. I a long time preſerved them as 
well within as out of the matter wherein they 
were encloſed, but they grew dry in the mean 
time, nor were any Worms hatched from 
them. Many Lice of unequal ſize, and which 
are very tenacious of life, craw] upon the Hum- 
ble Bces themſelves. I obſerve alſo, that the 
Ants, and almoſt all other inſects, are torment- 
ed with their reſpective Lice. Goedaert calls 
theſe Lice the Humble Bees excitatores or pro- 
vokers, and has invented ſeveral amuſing ſto- 
ries concerning them, but he relates a fable 
rather than a true hiſtory, 

It is time we now deſcribe the parts of the 
male Bee. I ſhall here follow the ſame me- 
thod J obſerved in the hiſtory of the female, 
and ſhall deſcribe only thoſe parts of the head, 
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breaſt and body, which either ate hot in u 
working Bee, or are ſeen plainer- and more 
perfect in the male. Te | 

About the head are principally to be confi: 
dered the eyes, horns, teeth, and the feather- 
like hairs, wherewith the head is every where 
covered. I have already elſewhere treated of 
ſome of theſe parts; therefore I ſhall now 
deſcribe the eyes, in which the following par- 
ticulars are to be obſerved on the in and out- 
ſide: the number of the eyes; the external fi 
gure ; the hairs fixed on their upper part; the 
tunica cornea, and the uvea; the internal pyra- 
midal and inverted fibres; the pulmonary tubes 
which run between theſe firſt and ſecond mem- 
branes, wherein the pyramidal fibres terminate ; 
the tranſverſe cortical fibres, conſpicuous under 
theſe membranes; the cortical ſubſtance of the 
brain, fituated under thoſe fibres; the brain 
itſelf with the three ſingular eyes over it ; the 
origination of the ſpinal marrow juſt under it ; 
the origins of the pulmonary tubes; and laſtly, 
the internal ſurface of the eye. 

As to the number of eyes, there are here 
two principal or large ones, one in each ſide of 
the head; and beſide theſe three fingular ſmall 
eyes which are here in the male, Tab. XX. 
hg. 1. a, in a triangular form between and be- 
low the larger eyes, in that part where theſe 
larger eyes are contiguous to, and-again diverge 
from each other in form of the letter V. In 
the females and working Bees, as has been ob- 
ſerved before, theſe three eyes are ſituated 
higher up in the head, and lie pretty exactly 
between two larger eyes. But 1 (hall ſay ſome- 
thing more of this matter hereafter. 

The two larger eyes reſemble as it were a 
creſcent, with this difference, that in the up- 
per on the head they are ſharp-pointed, but 
ſomewhat rounded þ þ; towards the lower parts 
c near the teeth, they again meet in a point. 
They are in form like a ſegment cut from a 
flattiſh rounded maſs, one ſide whereof is 
ſomewhat acute, and hollowed or bent in- 
wards, and the other converges in a crooked 
form. In the upper part of the head toward 
the neck and back, theſe eyes are contiguous 
in their convex extuberant part, which is not 
the caſe in the two other kinds of Bees: but 
they again, on the lower part toward the teeth, 
where they become ſtill more acute c, conſi- 
derably diverge from each other on each fide; 
the ſmaller eyes, the horns, which are here 
ſevered //, the teeth as they are called, and 
{ome feather-like hairs d being ſituated in the 
intermediate ſpace. 

Both the eyes are alſo very thick covered 
with hair eee, which, in order to avoid con- 
fuſion, I here repreſent only on one ſide. Theſe 
hairs ſerve the eyes inſtead of eye-brows or 
eye-laſhes; but becauſe their ſituation cannot 
be exactly underſtood, until after that coat of 
the eye which ſupports them is deſcribed, I 
ſhall therefore now firſt treat of that coat, the 
cornea, in which theſe hairs take root, 7 

e 


The outmoſt coat of the Bee's eyes, is the 
cornea ; by which name authors have like- 
wiſe called this ſame tunic or coat of the eye 
in man; and in quadrupedes, birds, fiſhes, 
and ſerpents. This appellation 1s more par- 
ticularly appropriated to this tunic, ſince by 
its ſtiffneſs, hardneſs, flexibility, and clearneſs, 
it approaches to the nature of horn. The 
eye of the Bee difters, however, from that of 
men and other animals, in that as the cornea 
appears in theſe ſmooth and equally poliſhed, 
it is in Bees and in all other inſets that 1 have 
examined, divided by various and manifold 
diviſions : and as theſe diviſions reſemble glo- 
bules or little ſpheres, hence it 1s that ſome 
ſubtile and ſagacious geniuſes, among whom 
may be reckoned the illuſtrious Dr. Hooke, 
believed that the inſect's eye was only a con- 
eries of innumerable, little eyes, each of 
which, in reſpect to its ſtructure, agreed with 
our eyes and thoſe of other animals : this 
ſtructure of the eye, however, I have not 
hitherto ſeen in any inſect but in the Snail, 
which on one ſide exhibits two diſtinct eyes, 
furniſhed each with its three proper humours. 
In order to explain the diviſions of the cornea 
in Bees a little more accurately, I would have 
it obſerved that they are by no means ſpheri- 
cal, but rather hexagonal, Tab. XX. fig. 11. 44 
but notwithſtanding this the maſles themſelves 
are on the upper ſurface perfectly rounded, 
and conſequently exactly like the ſealed cells 
of the Bee; which being likewiſe circum- 
ſcribed by ſix ſides, yet riſe convex, and ſwell 
up in a globular ſurface, or are as it were 
arched. The woven cells of Hornets much 
more accurately expreſs this conſtruction of 
the cornea in the eye: for theſe have alſo ſix 
ſides, and are very beautifully encloſed in an 
arched or ſpheric web. The eye of the Bee, 
and moſt other perfect infects, conſidered in 
this light, is really like a little net; which 
y_ne moſt perfectly when examined in the 
light by a microſcope : for then the moſt ob- 
{cure or opaque hexagonal interſections appear 
in the form of a net to any perſon who looks 
through the ſpherical tops of the diviſions. 
We muſt further obſerve here that theſe 
hexangular diviſions & of the cornea, upon 
a more exact compariſon, do not perfectly 
Keep the reſemblance of one of the cloſed up 
cells in the comb; for the lines which diſtin- 
guiſh the cells of the comb from each other, 
are upright or ſtraight, whereas the hexagonal 
diviſions, on the contrary, which occur here 
in the Bee's eye, are intercepted by crooked 
and ſinuated lines. To obtain this form for 
them, the all-wiſe Author of nature makes uſe 
of the following means ; that is, he gave the 
cornea a ſpherical convexity, by means of 
which ſome of the lines, together with their 
diviſions, are here and there broke off; and at 
the ſame time He alſo placed & & an hexagonal 
diviſion between fix other diviſions of this 
kind : hence it is, that theſe hexangular divi- 
fions appear as it were oval or arched, as I 
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have in ſome ſort delineated between the an- 
nexed. letters, Tab. XX. fig. 1. c, eee, bb. And 
in what manner every hexagonal diviſion is 
ſurrounded with ſix others, may be ſeen mag- 
nified under the letters & A, fig. 11. Some 
curious perſons, to whom I thewed theſe, 
were of opinion, that in the ſtructure of the 
eyes reaſons might be found why the Bees 
make their cells hexagonal ; that is, becauſe 
they exerciſe the ſenſe of viſion by hexa- 
gonal eyes. Behold, how far we are led 
away by fictions, when, being ignorant of 
the foundations of things, we follow our 
vain fancy as a guide! It would be as 
natural to ſay we ſhould build only round 
houſes, becauſe the pupil of our eyes is of 
that figure. I have not yet counted how 
many diviſions there are in the Bee's cornea, 
nor do I know any method of doing it, unleſs 
one could cut the cornea into ſmall pieces, 
and afterwards count the diviſions in them 
ſingly by the help of a microſcope ; obſerving 
at the ſame time that every two of theſe cut 
diviſions are to be reputed only one. How- 
ever this matter be, the accurate Dr, Hooke 
hath computed in the eye of the Perla of 
Mouffet, which he calls in his own language 
Dragon-Flies, but in the Dutch language 
Romboud, Puyſtebyter, Naeyer, and Glaſe- 
ſchryver, fourteen thouſand ſuch interſec- 
tions; this is indeed a great number. To 
this we may add, that theſe diviſions are ſo 
beautiful, ſo regular, and formed with fo 
much art, that it by many degrees ſurpaſſes 
the moſt exquiſite human workmanſhip. In- 
deed, could any one think this could be done 

human powers? ſince we cannot ſeparate 
or divide thoſe things which nature formed 
only as it were in ſport. This is the exter- 
nal form of the more than ſtupendous cornea 
of the Bee's eye. 

As to the internal ſtructure of the cornea, 
it is divided within juſt into ſo many hexago- 
nal little holes, or as it were round ſpoons, as 
on the outſide it is geometrically diſtinguiſhed 
into hexagonal ſpheres. But if this cornea, 
turned to the light, be viewed with a good 
microſcope in the manner before deſcribed, 
then at length its true and delicate hexagonal 
reticulation may be finely obſerved : for as the 
cornea is very pellucid and thin where it is 
hollowed or excavated into theſe little ſpheres, 
but conſiderably thicker where it is interſected; 
hence it happens, that the interſections only 
ſeem to ſhew themſelves to a perſon who 
looks through them : and this 1s the true 
reaſon why the cornea then exhibits itſelf 
like a net pierced by ſmall hexagonal aper- 
tures. Butits ſurface is not always the ſame ; 
fometimes it appears divided into triangular, 
and ſometimes into quadrangular figures : this 
diverſity muſt be attributed to the variety of 
reflexions which the rays of light occaſionally 
produce in their paſſage. This obtains prin- 
cipally when the angles of the diviſions of the 
cornea are not all directly under the micro- 

ſcope, 
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ſcope, for then only one part of the convexities 
can be ſeen, and the other not at all ; and 
thus falſe angles are exhibited. Almoſt all 
concave bodies, if viewed in the light, appear 
to our fight ſometimes globular, and ſome- 
times roundiſh and convex : this is illuſtrated 
very particularly by the engraved agats. For 
this reaſon the greateſt circumſpection muſt 
be always uſed in viewing objects by micro- 
ſcopes, leſt we ſhould deceive ourſelves, 
which has commonly happened on theſe occa- 
ſions. I ſhall hereafter explain what produces 
theſe hexangular diviſions in this net of the 
eye. The thickneſs of the cornea in the Bee 
is pretty conſiderable, and indeed more fo, 
conſidering its fize, than in many other inſects 
which are equally ſmall : this may in ſome 
meaſure be comprehended from a ſmall piece 
of it delineated as it appears under the micro- 
{cope at the letters ///, Tab. XX. fig. III. 
Between the diviſions we have been hitherto 
deſcribing, are placed thoſe hairs.which I have 
before ſaid are planted all over the eye. They 
are very firmly fixed to the cornea, for they 
pierce it all through in the ſame manner as 
our hair does skin: but they riſe ſharp-pointed, 
and are three or four times longer than the 
diameter of any one hexagonal diviſion : in 
ſtructure they reſemble briſtles, and are of a 
round figure, thick below and ſharp above. 
Their number is likewiſe very conſiderable, 
though leſs than the number of the diviſions ; 
they are, however, ſo thick and fo cloſe ſet 
together, that they ſeem to conſtitute a very 
cloſe foreſt of briſtles, like ſo many fir-trees 
planted upon the eye: this may be ſeen in 
ſome meaſure under the letters eee, fig. 1. 
where 1 have repreſented them only in the 
circumference of the diviſions of the eye: of 
the other diviſions that are exhibited in the 
ſame figure, I have delineated a leſs and 
determinate number, they being very nu- 
merous, and hitherto beyond any account I 
have taken. Finally, I ſhould think theſe 
hairs are principally fixed here to guard the 
eye againſt any thing falling on, or ſtriking 
againſt it; to keep off the duſt, and, in caſe 
any of theſe annoyances ſhould. ſlip in, to 
aſliſt the Bees to throw, or bruſh it out the 
more eaſily, by a friction, which the Bees 
perform with their feathered legs: Flies alſo 
uſe the tame method to wipe themſelves. 
Theſe hairs ſeem alſo to ſerve the Bees inſtead 
of eye-brows or eye-laſhes. I had firſt thought 


that only the long-lived ſpecies of inſets, ſuch 


as Bces, had theſe hairs: but I afterwards 
obſerved that they are not ſo peculiar to the 
Bees, as not to be found in many other ſpecies 
of inſets. I have found them among others 
in the coloured diurnal Butterfly: I have like- 
wiſe found them on the eye of Goedaert his 
Bee. This eye, however, is not covercd all 
round with theſe hairs, but only ſhews the 
oval orbit planted with them. Goedaert 
deſcribes the Bee I have juſt mentioned, in 
the ſecond experiment in his firſt part; but 
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if any one examines this more accurately, he 
will find it is only a dunghill Fly, with no 
more than two wings, and conſtantly pro- 
duced or generated annually in the ſame 
manner. It is produced from a Worm with 
a long tail and very ſhort legs, found in dung. 
hills and common: ſhores, and belongs to the 
fourth order of our natural tranſmutations. 
The Bee, on the contrary, is to be ranked in 
the third order, as I have already ſufficiently 
proved. I ſhall proceed to deſcribe the uvea, 
which is the other coat of the Bee's eye. Of 
the other three remarkable little eyes I ſhall 
treat at large hereafter. | 
When the cornea is removed from the in« 
ternal parts of the eye, the tunica or coat, 
underſtood to be the uvea, comes in view. 
This, therefore, is not placed in inſets at the 
bottom of the eye, but next to the ſurface 
nor does it any where appear perforated as in 
large animals. This 1 prevents 
the rays of light penetrating further into the 
eye than through the cornea only. When 
the cornea is taken from the eye, we uſually 
ſee that a more opaque matter, which entirely 
takes away the perſpicuity or clearneſs of the 
cornea, is carried off with it. This matter is of 
different colours in different animals; in Bees 
it is of a deep purple, in other inſects it is 
green, in ſome blue, in others black, and in 
others again it has a very beautiful mixture 
of various colours, which are elegantly and 
agreeably ſeen through the cornea: But this 
is to be found only in the inner ſurface of the 
cornea, where the uvea adheres next that 
coat, without any thing between. The two 
parts of this matter which conſtitutes the 
uvea, both that which is ore to the inner 
cavity of the cornea, and that alſo which is 
obſerved to adhere to the internal parts of the 
eye, are commonly of a blackiſh colour, and 
the laſt likewiſe ſtains the fingers when touch- 
ed, and is a kind of black paint, as our uyea 
and that of other animals is: and hence it 
ariſes, as I have before obſerved, that the 
perſpicuity of the cornea is darkened or ob- 
ſcured by this matter. Therefore, in order to 
ſhew the cornea pellucid, this matter muſt be 
firſt wiped off with the help of a pencil or a 
ſmall piece of paper folded up. If you preſs 
the head of the Fly between two folds of 
paper, the paper acquires a purple colour from 
it, which is owing to the more diffuſed co- 
lour of the uvea. But perhaps ſome one will 
ask, if the matter hitherto deſcribed ſeems 
only to be the uvea, but is not ſo in reality, 
what is it? To this I anſwer, that this matter 
is nothing but the tops of ſome broken fibres, 
which are placed cloſe under the cornea, Tab. 
XX. fig. 1. gg for no humours, properly ſo 
called, are found in any part of the Bee's eye, 
which is a thing well worth obſerving : though 
the celebrated Dr. Hooke, for want of a ſuffi- 
cient number of experiments, hath been led 
to imagine there were ſuch in the eye of the 


Libella; becauſe no other method occurred 
| to 


the HS TORY cf INSECTS er 


o him, by which the fight of inſects could 
be 23 orga nd matter be, the 
coloured part of the Bee's eye, though it be 
not an uvea, ſerves the uſe-of that coat in the 

of larger animals. i 
Immediately then under this avea, as it has 
been called, are ſeen ſo many fibres, as there 
are diviſions above in the cornea. Theſe 
fibres very exactly agree With the cavities of 
the ſpherical diviſions of the cornea : and 
they are likewiſe hexagonal and broad, but 
thiner in the middle and ſharp-pointed undet- 
neath where they terminate. They are all 
neatly of equal length, thickneſs, and breadth. 
But above the margins and extreme finews of 
the eye, theſe fibres are ſomewhat bent and 
ſeem ſhorter : they are above, where they are 
joined to the diviſions of the cornea, much 
thicker h þ than below 7, where „ are 
only united together by their ends : and hence 
they almoſt reſemble ſo many inverted ſexan- 
gular pyramids, thick and broad above, and 
thin and acute below. In order to conſtitute 
the convexity or arch of the eye, they are 
placed together in the manner of thoſe eggs 
of inſets which are circularly glued round the 
branches of trees. Theſe fibres ſtand erect 
on the bottom of the eye, in the ſame man- 
ner as the hairy filaments lie under the leaves 
of an artichoke on its disk or receptacle. I 
have above deſcribed the colour of theſe 
fibres ; I ſhall only obſerve further, that this 
paint, with which their larget extremities are 
tinged, is likewiſe diftuſed deeper downward : 
— the other parts of theſe inward fibres are, 
as I have ſaid before, tinged with a red or 
purpliſh colour. Thoſe fibres which ſtand 


in the middle of the eye are ſtraight K]; but 


thoſe that are on the ſides appear ſomewhat 
oblique, and the reſt run a little crooked alſo ; 
but all terminate in a ſubjacent membrane, 
with which they are naturally united, but 
from which they are eaſily broken off when 
handled. This membrane, therefore, very 
finely exhibits almoſt the ſame diviſions in 
dotted figures, which the omnipotent Creator 
hath been plaſed to make on the cornea c 6, 
with ſuch ſtupendous and inimitable art. 
Concerning theſe fibres we are further to 
obſerve, that if the cornea be ſeparated from, 
without harting or breaking them, they very 
beautifully repreſent the hexangular diviſions 
of the combs : but when the cornea is pulled 
off in ſuch a manner as that ſome particles of 
theſe fibres adhere to it; then their figure 1s 


not ſo diſtinguiſhable. Theſe fibres are very 


eaſily broken, when the cornea is ſeparating 
from them ; for they are connected with the 
cornea, and are received into its cavities : but 
this union is rendered. ſtronger by means of 
innumerable pulmonary tubes, which aſcend 
near thoſe fibres towards the cornea, and, as 
I think, conſtitute its hexagonal divifions : 
nay, they likewiſe probably contribute to ex- 
pand the eyes at the thne when they are 
caſting their skin, and are very ſoft and tender, 


by force of the air impelled within. Hence 
near the diviſions of the eyes, the pulmonary 
tubes will have the ſame uſe and fifuation as 
I have before attributed to the fame tubes, in 
regard to the wings of Bees. I would not, 
however, have my .opinion in this caſe con- 
ſidered farther than as a probable conjecture. 
One of theſe fibres is likewiſe united with 
another immediately under the cornea ; and 
a little lower ſome cluſterings and knots are 
obſerved among theſe fibres. But where theſe 
fibres are broken off, when the cornea is not 
+ . taken from them, their full purple 
colour, as hath been faid above, is found not 
to terminate there, but deſcends deeper. It is 
indeed very wonderful, in what manner and 
in what numbers theſe pulmonary tubes 
aſcend near thefe fibres, and are united toge- 
ther, I muſt own that I ſhould be very glad 
to examine, of what nature theſe fibres are, 
whether muſcular or nervous; as alſo whether 
or not they have any motion; and of what 
kind of particles they are compoſed : but it 
has been abſolutely impoſſible for me to ex- 
amine all theſe things, for both my ſight and 
inſtruments failed me. However, I have again 
ſeen the Creator conſpicuous with human eyes 
in this ſtupendous conſtitution of the moſt 
admirable and unſearchable little parts, which 
exhibit, as it were engraved thereon, the real 
image of his inexhauftible power and wit- 
dom. 

That I may procecd in the order wherein 
I began, I ſhall now deſcribe that part, Tab. 
XX. fig. v. x, towards which all the fibres 


hitherto mentioned converge, as towatds a 


common center, and to which they are united, 
as the threads of velvet with their web ; this 
part is white and fibrous, and is ſituated within 
the eye : but the pulmonary tabes before de- 
ſcribed aſcend thtough and on each fide' of 
it towards the fibres. The figure of this mem- 
brane is exactly like the external figure of the 
eye, one fide of it being lunar or like a cre- 
ſcent, and the other femicircular. It is white 
in the middle, but in the border it partakes 
ſomewhat of the colour of the ſapetior or 
upper part of the fibres, the impreſſions of 
which are ſeen thereon, 

This membrane, being removed from its 
place by the help of a fine inſtrument, there 
appears cloſe under it another membrane, 
much more delicate and tender, as alfo clearet: 
and this, by means of pulmonary tubes, is 
connected, though not very ſtrongly, with the 
former. 4s 2100 | 
There is placed under or behind this mem- 
brane, but a little lower or deeper in the eye, 
another or . ſecond ſpecies of fibres, fig. rv. 
nnn, and fig. v. 79, which being tranſverſely 
applied to the lower ſurface of the membranes, 
are like ſo many beams. or tranſoms, which 
Report the pyramidal fibres laid over them. 
Theſe alſo differ from the former. pyramidal 
fibres, both becauſe they are fewer in number, 
and by far leſs delicate; though notwithſtand- 
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ing their thickneſs I could not eaſily divide 
them. Some of theſe fibres are laid over 
others, Tab. XX. fig. Iv. o, in the ſame man- 
ner as they are wont here at Amſterdam to pack 
beams or pieces of timber on board of ſhips 
to be exported ; that is, they were here and 
and there ſeparated from each other, and ſpaces 
were left between them ; and by this means 
was exhibited an object, like the courſe of the 
muſcular fibres in the papillæ of the kidneys. 
Theſe things appear more beautifully when 
the diſſection of the eye is begun in the lower 
part, as may be ſeen fig. v. under the letters 
9 9, which repreſent the ſame fibres. Of what 
nature theſe fibres are, and whether they com- 
municate with the brain s s, I have very 
anxiouſly inveſtigated, and, if I am not 
miſtaken, I have found that they are joined 
to the brain, nay, they are of the ſame colour 
with the brain, that is, ſomewhat grayiſh in 
part, and elſewhere freſh coloured : hence I 
call them the cortical fibres, becauſe they are 
like the cortical ſubſtance of the brain. In the 
Wray-fiſh, there is ſeen a very remarkable 
nerve, iſſuing out of the brain, and terminat- 
ing in a large inflated extremity. This is con- 
veyed towards the bone of the head, and 
is there admirably divided on each fide into 
many filaments, to which thoſe fibres in the 
Bee's head likewiſe anſwer, and it may in 
ſome meaſure be likened ; though theſe nerves 
in the Wray-fiſh do not all ſeem to contribute 
to the ſenſe of ſeeing, but rather to that of 
hearing or ſmelling : this matter therefore till 
remains to be inquired into, 

Between theſe fibres is ſeen the cortical 
ſubſtance of the brain, the nature of which 
theſe fibres do not ſeem to be unlike. It is 
manifeſt that this ſubſtance s s, as well as the 
matter of the fibres q q, remarkably commu- 
nicate with the brain, indeed that they both 
riſe out of it. 

The brain of Bees conſiſts of four pair of 
diſtinctly conſpicuous parts, to which, as a 
fifth may be added, namely, the ſpinal marrow 
within the skull, or the principle or origin of 
theſe little parts 1; nor can I beſides theſe find 
any others in this inſect, not even the ſo famous 
pineal gland *. The two foremoſt of theſe 
little parts, fig. vi. c, are ſomewhat globular 
or pyriform, and emit two nerves on each 
ſide, which are divided again into two parts d d, 


but their courſe, or the way they are ſent off, —the ſcapus or ſtalk of a bunch of grapes is 
is ſtill a ſecret to me. The other three pair of 


little parts I have not yet ſo plainly diſcovered, 
as the firſt here deſcribed, becauſe they com- 
municate and are connected with the three 
particular little eyes before mentioned, which 
are placed in a triangular form, fig. 1. between 
the larger eyes here explained, and divided in 
the manner juſt laid down, though I could not 


The Bees have probably all that delicacy of ſmell, for which they are celebrated; but it is not true that they diſtinguiſh per- 
fumes by their fondneſs, and ſtinks by their averſion : certain ſmells excite and others offend them; but their notions of ſweet 
and ſtink are not the ſame with ours. They are fond of places where urine ſtands to putrefy, than which there is ſcarce any 
ſmell more offenſive. It had been ſaid they would fly in fondneſs to a man who had a noſegay of ſweets about him, and that they 
would ſting any who carried ſtinks ; but Mr. Reaumur made the experiment and found it falſe. There are wonders enough in 
the real hiſtory of theſe animals; tis wrong to diſgrace them with falſe and fictitious tales to make all ſuſpected. 
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 diſtinaly as I could have wiſhed explaty 
the method whereby this connexion and com- 
munication are performed. The firſt thing 
that I have obſerved diſtinctly with regard to 
theſe little eyes, is that they alſo have pellucid 
cornea ; and ſecondly, that in their cavity there 
likewiſe appears a coloured little part, which 
may be called the uvea. But of what natute 
this ſubſtance, which is under the uvea, is, and 
whether it likewiſe conſiſts of numerous fibres, 
or is itſelf a ſingle fibre, I cannot determine, 
though it ſeems to me to be a continued ſub- 
ſtance. Thirdly, below this we ſee thoſe three 
pair of little parts, which are as it were encloſed 
within it: theſe are the reaſons why I call 
theſe parts eyes. To which may be added, that 
the eyes of Spiders and Scorpions are exter- 
nally formed exactly in the ſame manner, and 
are ſmooth, glittering, and without diviſions, 
and they are bifperſed as thoſe that are diſpoſed 
at random over the body. The Wolf Spider, 
which catches its prey by leaping on it, and 
not by means of webs, has its eyes placed in 
the ſame manner. But this ſpecies has a very 
exquiſite and incredible ſharp fight, compared 
with other Spiders, which ſeem almoſt blind 
and, as it were, deſtitute of mation, that th 
may catch their prey, if any falls into their 
ſnare, with greater certainty. I have not yet 
diſcovered the internal ſtructure of theſe three 
eyes of the Bee. The letter 6, fig. vi. likewiſe 
ſhews the brain, or rather one pair of thoſe 
parts of the brain. We have before deſcribed 
and explained by what means the cortical 
ſubſtance of the brain, is ſhewn when the fibres 
are taken from it. The letters e e ſeverally 
ſhew the third and fourth pair of little parts, 
or the cerebellum, and alſo the manner where- 
in theſe parts communicate with each other. 
The cortical fibres, fig. Iv. 2M that iſſue from 
theſe, are repreſented in their ſituation in the 
fourth figure. In order to obſerve the principle 
or beginning of the ſpinal marrow, fig. v. r, 
it is neceſſary to begin the diſſection of the eye 
at the loweſt part, or where the head is joined 
to the thorax. But then if you only remove 
the horny head, you will immediately ſee the 
fat, and the originations of the pulmonary 
tubes, which are here very numerous, and 
the larger branches of which are diſtributed 
towards the upper parts ; but the ſmaller are 
connected with the fat, in the ſame manner as 


with its berries, and hence is produced a moſt 
agreeable fight : one or two membranes alſo 
muſt be there ſeparated from the brain, before 
the marrow comes in fight. But then one may 
ſee there very beautifully that other ſpecies of 
the fibres of the eye, Tab. XX. fig. v. 94 
which I have called the cortical fibres, and 
repreſented under the letters fig. Iv. #7 7, in 


the 


the preceding figure of the eye, the diſſection 
of which = begun at the upper part: then, 
at the ſame time, may be very beautifully ſeen 
alſo the inferior or internal ſurface of the cor- 
tical ſubſtance of the brain, fig. v. / which 
covers theſe cortical fibres. This cortical 
ſubſtance likewiſe ſeems to be here divided in 
the middle, which diviſion is covered with a 
kind of thin membrane. 'This little part and its 
diviſions I have marked with the letters a 4 in 
the fixth figure, which exhibits the ſection in 
the upper part. The marrow, fig. v. 7, as hath 
been obſerved, appears then very beautifully 
laced between the cortical ſubſtance of the 
4 50 and at the ſame time it may be ſeen how 
it partly communicates and is connected with 
that cortical ſubſtance. But I ſhall afterwards 
particularly delineate, to the glory of the great 
Creator, and deſcribe the whole marrow with 
all its nerves. I ſhall only obſerve here, that the 
letter y, fig. 1. and v. exhibits the firſt knot 
which the marrow forms out of the brain; 
but ſo, that in one figure it is placed above, 
in the other below. Fig. v. 2 2, are the pyra- 
midal fibres of the eye, deprived only of their 
cornea on each ſide. 1 Expreſs the thickeſt 
part of the fibres, and the place where they 
are moſt coloured. x Shews the internal coat 
of the eyes, before demonſtrated under the 
letter i fig. 1. in which the pyramidal figures 
terminate. 

Here alſo about the lower verge of the head 
ſome parts of the mouth are ſeen, together with 
the two horny prominentlittleparts, wherein the 
muſcles of the teeth or jaws are in part fixed, 
and alſo the muſcles belonging to the begin- 
ning of the œſophagus. But I paſs by all theſe 
things at preſent, nor ſhall I attempt to de- 
ſcribe the organs of hearing, or thoſe of ſmell- 
ing, as I have not been hitherto able to ob- 
ſerve any veſtiges of ſuch; e 1 I ſhould 
ſcarce believe, that the all-powerful Creator, 
who hath given to the Bees the organs of ſight 
ſo wonderfully formed, ſhould deny them 
organs for the other ſenſes. But ſo great is 
our weakneſs, that we are not able to compre- 
hend and underſtand natural things. 

It is likewiſe very difficult and hard to find 
the organs now mentioned in fiſhes and many 
other animals, becauſe they have no external 
paſſage or opening. Thus I have obſerved in 
the Chameleon, that the aperture of the organ 
of hearing opens into the mouth ; which is 
likewiſe the caſe in the Frog. And hence it 
neceſſarily follows that the „ of the 
ſtructure of one animal throws a light on, and 
ſhews us the way to that of another. Indeed, 
comparative anatomy is a moſt faithful and 
liberal miſtreſs, ſince the parts that are obſcure 
and hard to be ſeen in one animal, may be 
ſometimes very diſtinctly traced in another. 
Before I diſmiſs the eyes, I ſhall ficſt briefly 
ſubjoin here what I $5 ſeen and obſerved 
about thoſe of ſome other inſects. 

The eyes we have been hitherto deſcribing 
are formed in like manner in the working 
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Bee: there is however this difference that in 
the latter they are vaſtly ſmaller, and there- 


fore have the fewer number of inward fibres. 


But to proceed in order, I ſhall here obſerve, 
that if the skull, together with the cornea of 


' theſe three little eyes, be taken off the head at 


the fame time, then immediately between 
theſe eyes, and under the antennæ or horns; 
are obſerved two oblong pulmonary bladders; 
which I have not ſeen in the head of the 
male, and which probably make the working 
Bee light, and give it a greater agility. There 
is a larger quantity of fat in the head of the 
working Bee than in that of the male. This 
fat being placed on a piece of very thin glaſs, 
and left ſo until it is dried, becomes entirely 
pellucid, becauſe its tender connecting white 


membranes grow dry by this means, and hence 


alſo the pulmonary tubes diſtributed through 
this fat now become conſpicuous. This tat 
adheres in a wonderful manner, linked as it 
were, and twiſted under the skull ; the muſ- 
cular fibres of the jaws are alſo here more 
numerous than in the head of the male. 
But the brain, the tranſverſe cortical or gray 
fibres, and the cortical ſubſtance of the brain 
itſelf, are here conſtituted in like manner as 
in the head of the male Bee, but they are 
clearer and more eaſily examined; for the in- 
verted pyramidal fibres ſituated above are fewer 
in the working Bee, and do not all prevent 
the ſubjacent parts being ſeen. 

The eyes of the Waſp are conſtructed 
e, in the ſame manner, and in their ex- 
ternal and internal form reſemble the Turkiſh 
kidney-beans, being bent ſomewhat inwardly 
towards the ſides of the horns or antennæ, 
as if there was ſome part cut off there, The 
internal fibres anſwer to the external diviſions, 


as before obſerved ; for as the pyramidal fibre 


is extended by every diviſion, it neceſſarily 
follows, that the internal figure of the eye is 
entirely like the external. 

In many ſpecies of inſects there is a conſi- 
derable and wonderful difference in reſpect to 
the external figure of the eye. How the eye 
of the Rhinoceros Beetle is diſpoſed and 
faſhioned, is ſhown by its figure, 

In the Bee of Goedaert, which is really a 
dunghill Fly, the eye is framed nearly in the 
ſame manner as in the working Bee ; for under 
the diviſions of its cornea, x Hom are likewiſe 
placed a great number of pyramidal inverted 
fibres, which being broken off with the cor- 
nea, a very beautiful red or ſomewhat pur- 
pliſh matter prefents itſelf; but when the 
cornea 1s removed from the pyramidal fibres 
without hurting them, they appear yellowiſh. 
There are likewiſe innumerable pulmonary 
tubes in this eye, and a great quantity of fat. 


In the Libella, or Fly of Dr. Hooke, called 
by the Engliſh the Dragon-Fly, and in Dutch 


Puyſtebyter and Rombout, the eye, in reſpect 
to its external diviſions and internal pyramidal 


fibres, differs conſiderably from the eye ot the 


Bee ; for the upper diviſions are much larger 
in 
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inverted fibres, which anſwer to the upper di- 
viſions, are in the ſame manner much larger 
than thoſe which are connected with the lower. 
The colour of the larger pyramidal fibres is 

rpliſh, but the ſmaller are du.ky or blackiſh. 
2 indeed be worth while to ſpend ſome 
time in the examination of this eye, becauſe a 
very large aſſortment of theſe fibres is diſtinctl 
viſible in it, and may be conveniently enoug 
managed; beſides that in the hexangular divi- 
ſions af theſe fibres, which are received into 
the cavities of the cornea, ſome myſteries ſeem 
to be ſtill hidden. I hope I ſhall be able to in- 
veſtigate them at ſome other time, when I ſhall 
enter into a more exact examination of he many 
obſervations that I have hitherto propoſed ; for 
the attentive ſpirit that is neceffary in ſuch a 
number of things as are treated of therein, 
muſt at times relax and grow languid; and there- 
fore I ſhall not deny but that I may probably be 
in ſome things deceived. 

Some one may here object that the parts hi- 
therto deſcribed are not eyes, but ſurely nothing 
is more plain and evident. The juſtly celebrated 
Hooke made ſeveral experiments to prove this: 
among others he wounded thele eyes and cut 
off a part of them, by which means the crea- 
tures loſt their ſight entirely, This experiment 
may be made with little trouble ; and whereas 
the wopnd and pain occaſion ſome change about 
the ſight, nothing more is neceſſary but to cover 
theſe eyes with a little black paint mixed with 
oil, with a pencil, by this means theſe inſects 
become blind, and by all their ations immedi- 
ately ſhew a perfect defect of fight. This ex- 
periment may be beſt made on thoſe Flies, 
the eyes whereof have no hairs, and therefore 
may be eaſily coloured. It is wonderful to ſee 
how tame and gentle the Fly becomes when its 
eyes are thus covered with paint; it ſuffers itſelf 
to be caught every moment, and when it runs 
or flies, you will ſee it ſtumbling everywhere, 
and when this happens it is driven back, like a 
ball, by whatever oppoſes it; unleſs it ſhould 
perhaps fix itſelf quick enough by the help of 


its claws, and thus avoid falling, as I have 


ſometimes obſerved. 

This is the ſtructure of the Bee's eye, and 
of the eye of other inſects in general. The 
famous Dr. Hooke hath endeayoured to exhibit 
a magnified figure of ſuch an eye, deſigned from 
the Libella in thetwenty-third and twenty- fourth 
plates of his juſtly celebrated micrography. It 
will be now asked by what means 1s the ſenſe 
of viſion performed in Bees and other inſets? 


I anſwer, that the conſtruction of the eye ſhews 


clearer than the light at noon, that viſion is not 
performed in it, as it is in us, and many other 
animals, by collecting the rays of light, which 
paſling through the pupil fall upon the retina ; 
but merely by the contact of theſe inverted py- 
ramidal- fibres, formed by the light propelled 
through the cornea. Theſe eyes are ſo diſpoſed 
as to receive the appearances of things by the 


fimple appulſe of the reflected light: and this 
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method of ſenſation cannot but be very lively. 
But as the pupil is never in theſe creatures con- 
tracted as it is in us, nor hath any foramen or 
aperture, hence it follows that the ſenſe of 
ſeeing muſt be very perfect in inſects, on ac. 
count of the great number of rays which con- 
ſtantly fall on their eyes. And hence it likewiſe 
is, that many inſets ſee in the night: the 
Dragon-Fly, therefore, from the ſame cauſe, 


very quickly catches its prey flying. The organs 


of ſight, which inſects poſſeſs, can by no means 
be compared with our eyes, or with the camera 
obſcura, formed upon their principle, in which 
the appearances of things are by the help of re- 
flexion painted on a paper or white cloth. On 
this occaſion I cannot but inſert an incident, 
which the illuſtrious and in arable Boyle, 
in his treatiſe of colours, relates of a blind per- 
ſon, who, by diſtinguiſhing the |roughnels of 
coloured ſubſtances, could accurately diſtinguiſh 
their ſeveral colours by his fingers. This method 
of ſecing, if it may be ſo called, being perform. 
ed by touching, is in ſome meafure like that 
which obtains in the eyes of inſects. But how 
this viſion is really perſormed in inſects, and 
by what means that great number of pyrami- 
dal fibres are excited by the light falling on 
them, as alſo how this motion is communicated 
to the ſubjacent reticulated membranes, and 
from them afterwards is conveyed to the tranſ- 
verſe fibres underneath ; and from theſe again 
to the cortical ſubſtance of the brain; from the 
latter to the nerves and at length to the origina« 
tion of the marrow or brain, no perſon can ex- 
plain: this can be known only to the all-ſeeing 
Creator of the univerſe. He alone can tellwhether 
viſible appearances or objects in inſects are ſtopt 
on the uvea or not. It is enough for me to con- 
feſs my own weakneſs, and, after explaining 
the conſtruction of this eye, to proclaim aloud 
the praiſes of the ſupreme Architect, I muſt 
likewiſe acknowledge that I began theſe obſer- 
vations with the greateſt pleaſure at the end of 
September in this year 1673, and that they 
gave me more delight than if I had ſeveral 
hundreds years added to my life. I hope that 
this matter will ſhew the omnipotence and. un- 
limited power of. God, and inflame with the 
moſt ardent love towards their Creator, thoſe 
frozen ſouls, which till deny the divine pro- 
vidence in reſpe& to theſe little creatures. In- 
deed if we could accompliſh this with our 
labours, it ought to give us the greateſt joy, for 
it is for this purpoſe only and not to trifle away 
time, or acquire immortal fame or glory, that 
2 ght diligently to inveſtigate the works of 
I likewiſe ſaw at the fame time, that each of 
the antennæ or horns, where they are articulated 
with the head, have three or four diſtinct 
muſcles, by the help of which they can be 
moved various ways, and may therefore both 
aſſiſt the ſight and defend the eyes from injury 
and any thing ſtriking againſt them. J have not 
attempted to diſcover the muſcles of the other 
joints, whereof the antennæ or horns ann: 
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are ſo minute that neither the eyes, 
nor the underſtanding of man, 


for they 
the hands, 


nor our inſtruments we uſe can examine them 


juſtly. The ſame muſt be acknowledged of 
the muſcular fibres of the jaws or teeth, fince 
we are incapable of diſcovering their excel- 
lent conſtruction and beauty, or of juſtly de- 
ſcribing or delineating them. I ſhall, how- 
ever, ſay ſomething of the feather-like hairs 
of the head of the Bee, when I treat of thoſe 
of the thorax; which I ſhall now proceed to 
deſcribe. EET EM 
The external figure of the thorax is in the 
upper part convex, but towards the hinder 
parts it is ſinuated, and is adorned with a 
ſomewhat prominent margin about its extre- 
mity. On each fide of the anterior part 
there appear the ſcapulz or ſhoulder-blades, 
by which the wings are joined : a little Jower 
on each fide under the wings and ſcapulæ 
are ſeen the points of reſpiration ; whereof 
the orifices are oval, and ſurrounded with a 
horny margin. The under face of the breaſt 
is divided into two parts, which are ſtretched 
ſomewhat obliquely and bent downwards, and 
give inſertion to the laſt pair of legs joined to 
the lower edge, as the firſt pair of legs are 
articulated with the fore parts of the breaſt : 
theſe, when the head is drawn from the 
trunk of the body, adhere to the head, and are 
pulled off with it. The breaſt is of a horny 
or bony ſubſtance, and is thick ſet above, be- 
low, and on the ſides with feather-like hairs, 
which are of equal ſize and length in the 
upper region of the breaſt. Theſe hairs, 
which are diſtributed over the whole ſurface 
of the body, and are found even in the head 
of the common or working Bee, as alſo between 
and under the horns of the males, are all of 
them, as hath been ſaid before, perfectly like 
downy feathers, and particularly like the down 
of Swans, or thoſe remarkable hairy feathers 
conſpicuous in the tails of Peacocks ; the mid- 
dle {talk of which feathers is ſurrounded with 
many ſcattered lateral hairs. 

Before I proceed to the diſſection of the 
internal parts, I muſt repeat again that Bees 
preduce their humming noiſe with their wings 
only : fince the ſmall, membranous, move- 
able wings at the ſhoulders, may eaſily pro- 
duce ſuch a noiſe, by means of the air pro- 
pelled from the ſubjacent pulmonary 2 * 
for no points of reſpiration open into the 
mouth, which is to be well obſerved : to this 
may be added, that the narrowneſs of the 
trunk is not adapted for modulating the air; 
if any of the latter ſhould be impelled thither 
out of the ſtomach, in which indeed I have 
found air. The wings of Flies are wonder- 
fully formed in that part where they make 
this noiſe ; though this ſtructure is very diffe- 
rent in the various kinds, Some Locuſts in- 
deed make a noiſe by the ruſhing together of 
the wings; and for this purpoſe nature has 
given them near the hinder part of the wing 
towards the breaſt a ſingular ſmall part, which, 
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when moved, forms a diſtinct ſound like a 
thin plate of metal. Other ſpecies of, Locuſts 
againſt 


make a noiſe by rubbing their — 
their legs. Crickets and Mole-Crickets mo- 
dulate the air in ſuch a manner by the help of 
their wings, that the chirping noiſe they make 
is produced from thence. The Giadhopper 
has two peculiar ſmall drums, like the drum 
of our ear, which, being ſtruck by the help 
of two lunated cartilages, vibrate the air in 
ſuch a manner as to produce that ſound. Bee- 
tles make a noiſe by rubbing the horny 
of their head againſt the articulations of the 
breaſt, and the parts about the tail with the 
caſes of their wings. All the inſects to which 
nature gave ſingular organs for _— a 
noiſe are of the male ſex : this may be ſeen 
diſtinctly in the Locuſts, Graſshoppers, and 
others, the females of which make no noiſe. 
In regard to the wings of Bees, we may ob- 
ſerve they are here and there briſtly, and that 
the veins and nerves conſpicuous in them, 
are only ſcattered pulmonary tubes, by the 
help of which, as we have before expreſſed 
in words and figures, the wings are for the 
moſt part diſpanded. | 
The contents of the thorax are various : 
they are the moving fibres-of the legs and 
wings, and alſo ſome which are deſigned for 
moving the abdomen, and others for moving 
the neck. Theſe muſcular fibres fill almoſt 
the whole thorax. The other parts to be 
found there are the pulmonary tubes, ſome 
fat, the gullet, and the ſpinal marrow : all 
theſe I ſhall now paſs by, and only ſay ſome- 
thing of the muſcular fibres, and ſhall then 
proceed to the contents of the belly. On this 
occaſion I ſhall give a deſcription of the ſpinal 
marrow. The muſcular fibres of the breaſt, 
as we have already related, fill its whole cavity, 
and may be divided eaſily into thoſe which move 
the fore, middle, and the hinder legs, and 
into thoſe which ſerve to move the wings : 
for where theſe parts are ſituated, there are 
ſeen the tendons of thoſe fibres, which are 
afterwards expanded and fleſhy in the thorax, 
and afterwards becoming tendinous, aboye in 
the upper region of the breaſt, are there fixed 
as it were into an horny little part, The 
fibres which are implanted in the middle of 
the thorax ſtand almoſt perpendicular, but 
thoſe which are inſerted ſomewhat lower to- 
wards the fides, are more oblique ; and thoſe 
that are in the anterior part united to the legs, 
run entirely oblique and are almoſt flat, 
Where the muſcles are fixed to the wings, 
there is a kind of diſtin& articulation, beſides - 
that by the help of which the greateſt mo- 
tion of the wings is performed. If the fibres 
of the thorax are ſeparated from each other, 
they divide into oblong hairs, as it were, which 
are connected with delicate, white, nervous, 
and tranſverſe fibrillz, and ate at length here 
divided ſo minutely, that I muſt deſiſt from 
further ſcarch ; being filled, as before, with 
admiration of the divine Architect, who here 
K kk in 
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in a ſmall fibre manifeſts to me his omnipo- 
tence and my weakneſs: For to this purpoſe 
only, and that we may terminate our . 
deſires and ſtrength in him and in his pleaſure, 
all his works are offered to our contemplation. 
When I opened the margin or verge before- 
mentioned, and which is viſible in the hindert 
extremity of the thorax, it appears full onl 
of pulmonary tubes and fat. Is 
The parts contained in the abdomen of the 
male are indeed as admirable as thoſe which 
I have before explained as ſituated in that 
part of the working Bee and of the female. 
But as no difference occurs here in regard to 
the ſtomach, inteſtines, and other parts, I 
ſhall deſcribe only the organs of generation in 
the male: for thus the difference between 


this male and the female, which has an ovary, 


and alſo between that and the working Bee, 
which is not furniſhed with either male or 
female organs, will be more evident. After 
this a ſhort deſcription of the ſpinal marrow 
ſhall conclude the whole of this diſſection. 
Though this ſpinal marrow be formed alike in 
each of the three kinds of Bees, yet I chuſe 
rather to deſcribe it particularly in the male 
than in the working Bee, becauſe the male 
has a larger body. 

The genital organs of the male are ex- 
tremely — and very eaſily viſible ; for they 
poſſeſs the whole abdomen, nay, the abdo- 
men of the males ſeem to be larger than that 
of other Bees, that it may be capable of con- 
taining them. This will be teſtified by the 
moſt ſerene duke of Tuſcany, Coſmus III. 
who in the year 1668, in company wo the 
illuſtrious Mr. Thevenot, vouchſafed to view 
at my houſe, with great admiration at the 
ſupreme Creator, theſe parts in the Bee, and 
graciouſly to honour my labours by this un- 
merited viſit. The genitals of the male Bee, 
if we conſider the ſmallneſs of the whole 
inſe&, by far ſurpaſs, with reſpect to the quan- 
tity of ſperm, thoſe of all other animals what- 
ſoever. That ſeed is contained chiefly in the 
ſeminal veſicles or bladders, as is the caſe in 
other inſects, and in larger animals, as Moles, 
Hedge-hogs, and Rats, which, as they are 
ſwelled with abundance of ſperm, have greater 
plenty of it collected in theſe bladders than in 
their teſticles. I could almoſt ſay that it is 
ſo in man likewiſe; for when I compare the 
narrowneſs of the filament or veſſel of the 
teſticle with the capacity of the ſeminal blad- 
ders, and at the ſame time conſider the quan- 
tity of the ſeminal matter, generated in the 
veſicles themſelves, that it is not transferred 
thither, according to the common opinion, out 
of the teſticles. But to proceed; we muſt ac- 
curately obſerve, that the parts which con- 


tribute to generation, and alſo to exclude or 


expel the ſperm are the following: two 
teſticles, Tab. XXI. fig. 1. aa; two vaſa de- 
ferentia bb; theſe are diſtended cc on each 
ſide to a larger and more remarkable ſize than 
the teſticles themſelves: the two ſeminal blad- 


ders or veſicles dd, of a ſtupendous bulk ; the 
root of the penis ee ; a very conſiderable horgy | 
little part which is placed F ſomewhat towards 
the anterior end in the. thickeſt part of the 
root of the penis; the penis itſelf, or the part 


pom alga yaes waxy another little part 
of a bright red colour diſtinguiſhed 6 by five 
diviſions; and under it, on the other ſide, 
another but larger pyramidal - little 11 
laſtly, there are the two pointed 4 ap- 
pendages of the pudendum, with red ends, 
and inveſted with a very thin skin, Which 
contain this ruddy colour, and when wounded 
readily diſcharges it. The little figure mark 
ed fig. 11. o repreſents all the parts hitherto 
recited in their natural fize.-; The teſticles, 
hg. 1. a are placed in the upper region of 
the abdomen, and ſituated as it were at the 
back or loins ; as is the caſe in Birds, Frogs, 
and other animals. They ſeem ta me to 
conſiſt of tubes, as in the water Beetle, the 
genitals of which I ſhall hereafter delineate. 
Innumerable pulmonary tubes are likewiſe in- 
ſerted into the teſticles, which greatly prevent 
the ſtructure of the latter from being inveſti- 
gated according to one's wiſhes. Theſe are 
of a 8 citron colour with a tinge of purple, 
which is likewiſe the caſe in Silkworms. The 
vaſa deferentia & 6 are very ſmall, ſlender, and 
delicate in their ſtructure, and appear whitiſh 
on account of the ſperm which ſhews itſelf 
through them: they are twiſted like the ten- 
drils of a vine; nor do they appear to the ob- 
ſerver until after the pulmonary tubes, which 
Join together their knots and convolutions, are 
gently and by degrees cut off with great care 
and very tedious labour. Theſe pipes are fo 
ſtrongly connected with the winding of the 
vaſa deferentia, and with that part of them 
which becomes broader, and alſo with the 
teſticles themſelves, that they ſeem to con- 
ſtitute as it were one body with all theſe parts. 
The vaſa deferentia are here, as they are in 
man and brute animals, joined by one extre- 
mity to the teſticles : a little further examina- 
tion ſhews very plain, how theſe vaſa defe- 
rentia are dilated, and reſemble as well in re- 
ſpect to their colour as the inſerted pulmonary 
tubes, ſecondary, or other teſticles, But be- 
ing more accurately examined, they diſcover 
within a confiderable cavity, which the teſticles 
have not. They are likewiſe of a glandular 
ſtructure, and are diſtended with a ſeminal 
matter, which immediately flows out of them 
when wounded. Before theſe veſſels are con- 
nected with the root of the penis and open 
into its cavity, they are a ſecond time con- 
tracted in a remarkable manner, and = 
only ſimple tubes, or ſmall ſeminal veſſels: 
they are at length inſerted by their other 
extreme into the lower part of the ſpermatic 
bladders. I think that in this dilatation cc of 
theſe veſſels, a ſeminal matter is certainly 
ſecreted; and in like manner I do not doubt 
but the ſame happens in man, where the vaſa 
deferentia are dilated into the form of a a 

(ext 
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Next the vaſa deferentia are placed the ſemi- 


nal veſicles 4 d; theſe are wonderfully large, 
and are full of ſeminal matter; they are whiter 
than ſnow, and are of a very fine texture. 
They ſee, indeed, to be of a glandular con- 
ſtruction, only that the muſcular fibres alſo, by 
the help of which they are contracted to caſt 
out the ſperm, run through them; ſuch a con- 
traction is common to all the other muſcular 
fibres, after they are drawn out of the body : 
I have ſeen even theſe veſicles, after being taken 
out of the body of the Bee, contract and 
wrinkle themſelves up by degrees. Here we 
ſhould well obſerve, that near the beginning of 
the root of the penis two remarkable nerves An 
are inſerted in the ſpermatic veſſels, and which 
give many branches both to theſe veſſels and 
to the root of the penis, contributing to the 
motion and titillation of theſe parts. That 
part of the ſpinal marrow m, from which theſe 
nerves ariſe, is here delineated ſomewhat late- 
rally. Near theſe nerves likewiſe, there appear 
two other little parts or ligaments //, by the 
intervention of which the genital parts are tied 
or faſtened in their places in the abdomen, fo 
that they cannot go out of their proper ſitua- 
tion without force: this, however, I would 
not have underſtood of the root of the penis, 
and ſome other parts which are moveable, as 
ſhall be ſhewn hereafter. 

Near the orifices of the ſeminal bladders and 
vaſa deferentia, when the latter are more con- 
trated, the root of the penis ſhows itſelf, 
Tab. XXI. fig. I. ee; it is a conſiderable long 
and crooked tube ; it becomes the more dilated 
and diſtended, the more it advances toward 
the outſide, until at length it expands itſelf into 
a globe of conſiderable thickneſs, and being 
then ſomewhat contracted again, it forms at 
laſt a more conſiderable oval tubercle or ſwel- 
ling. On the inſide in this dilatation of the 
root of the penis, there adheres a pelucid horny 
part, of a deep brown, but ſomewhat ruddy 
colour, and ſet with ſmall cavities F. This 
part appears to be divided in the middle, and 
in that place is ſeen the limpid and clear colour 
of the penis. In the anterior or fore fide, but 


a little on one ſide of the part juſt now men- 


tioned, may be obſerved two other horny, 
ſhorter, and ſmaller parts, which ſeemed to be 
joined together. The ſtructure of the root of 
the penis is nervous or cartilaginous, not yet 
hardened. Where this root is diſtended with 
e it is much whiter than where its ſub- 
ance is more plainly ſeen, being in ſuch parts 
limpid, and not ſo white, but rather reſembling 
glaſs. This is the caſe likewiſe in the ſemi- 
nal bladders ; where theſe, not yet ſwollen 
with the ſeminal matter, preſent their proper 
ſubſtance to view. | n 
Under the little part juſt now deſcribed, and 
ſomewhat on one fide of it, appears the penis g, 
or the part that ſeems moſt analogous to a pe- 
nis; of this I ſhall ſpeak more largely hereafive. 
On the other ſide is ſeen þ that the genital veſ- 
fels, which appear to be diſtinguiſhed into five 
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diviſions, and a little lower, and as it were on 
the other ſide, there is ſeen another ſimilar but 
undivided little part i, which when diſſected is 
found to be ſhaggy, unequal, and as it were 
briſtly. The former little part which is divid- 
ed by five rings, —e alſo to be of the ſame 
ſtructure. Theſe three hinder little parts, as 
well as the ſubjacent and hollow appendages I, 
appear wrinkled and contracted, like compreſ- 
ſed, tender, and delicate membranes; the rea- 
ſon of which will be ſoon ſhewn. The ſe- 
minal veſicles therefore, as has been obſerved, 
and the vaſa deferentia, as well in their begin- 
ning near the teſticles, as where they terminate 
after they have grown narrower, as alſo the 
root of the penis, every part of theſe is pellu- 
cid : wherefore, whenever they are diſcharged 
of ſeed, they appear like white glaſs, or like 
veal, or any other jelly : but when the ſperm is 
ſeparated in the veſicles or root of the penis, 
there is then a very fine appearance, as of glaff 
marble or agat, diſtinguiſhed 'or variegated wit 

white ſpots. This is a ſhort deſcription of what 
belongs to the ſtructure of theſe parts: many 
things more may be obſerved, which I ſhall 
defer to another opportunity. If we conſider 
the uſe of theſe parts in coition, and the man- 
ner the ſperm is ſecreted, theſe are indeed fo 
admirable that they almoſt ſurpaſs all that has 
been hitherto ſaid. For the little part which 
we have called the ooo g, as alſo the other 
part with its five rings B, and the cloſed and 
pointed appendages & A, are all of them erected, 
and in the erection turn and invert themſelves 
in ſuch a manner, that their internal ſurface is 
turned perfectly out: this is done in the ſame 
manner as we take off our glove, or pull the 
skin off a Hare or other ſuch animal, by turn- 
ing the inſide out. Hence I am in doubt 
whether this ſhould be called an erection, rather 
than an inverſion, produced by the heat of the 
parts; all theſe parts are at the ſame time alſo 
diſtended with air. Indeed I do not remem- 
ber to have hitherto ſeen any thing in nature 
wherewith I can compare this action. I am 
ſenſible that Snails turn out their horns, and 
take them in nearly in the ſame manner ; but 
the air contributes nothing to this, the whole 
action is evidently performed by the hep of 
conſpicuous and elegantly conſtructed muſcles ; 
but this does not happen in regard to the erec- 
tion in the Bee. If many Bees are kept toge- 
ther in a box, it frequently happens that theſe 
parts are obſerved to turn themſelves out of 
their body in the manner juſt mentioned: and 
on this occaſion I have alſo found that the ſame 
thing may be effected by art; that is, by tak- 
ing the body between the fingers, and then 
expreſſing or ſqueezing theſe parts out at the 
hinder part. 

When the male is about to diſcharge the 
ſperm, or to erect or rather evolve the penis, 
then, that I may now ſpeak in general of the 
extuberance of the genitals, the cloſed and 
pointed appendages are turned out. This is 
performed in theſe as well as the reſt of the 


parts, 
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parts, by the air which is impelled inwards, 
for at that time they are all inflated with wind. 
The inverſion of theſe parts is performed in 
this manner; the extreme and hairy part, Tab. 
XXI. fig. III. r. of the pudendum is firſt 
forced out by the Bee, and then the horny 9 9 
extremity of the ſame pudendum is likewiſe 
advanced out from the laſt rings of the body, 
and at the ſame time the root of the penis e e, 
together with the faid horny part / contained 
in it, ſtarts or is thrown forward, and the vaſa 
deferentia c c, and ſeminal veſicles d d, are like- 
wiſe drawn ſomewhat towards the fore parts. 
Afterwards the four diſtinct little parts begin to 
ſwell and throw themſelves out of the body; 
that is, the two pointed appendages & E, the 
pyramidal particles i, and the fine ringed little 
part h. Before theſe four parts are erected and 
thruſt forth, one may ſee in what manner they 
ſwell forwards through four diſtinct little cavi- 
ties, ſuch as are ſeen in the fingers of a glove, 
when you have juſt begun to invert them, 
And further, one of the cloſed appendages, as 
alſo, the little part with its fine rings are ſeen 
through the skin. 

The appendages, as I have already obſerved, 
are firſt inverted, and their baſis is then turned 
out, Tab. XXI. fig. Iv. / }, when we ſee their 
cloſed extremities {till lying between them and 
not yet inverted. But the pyramidal little part 
allo 7 is then unfolded more and more upwards, 
as well as the fine ringed little organ H; the 
horny part alſo ſituated at the root of the | tk 
nis F is then propelled or puſhed further for- 
wards, and is fixed higher in the horny little 
part of the pudendum ; but the hairy part 
of this is no way changed in its ſituation. 

Then the appendages being by degrees en- 
tirely inverted, appear diſtended and ſwollen, 
Tab. XXII. fig. 1. & K, at which time the root 
of the penis e, together with its interior little 
horny part f, are moved yet farther outwards, 
and this begins to penetrate ſomewhat deeper 
into the cavity g g of the horny or bony part 
of the pudendum : the pyramidal little part z 
alſo is now turned further out, and the little 
part with fine rings h, which is then partly in- 
verted now appears to the eye : however, the 
ſhaggy part 7 of the pudendum as yet ſuffers 
no change. 

But at this very time the pyramidal little part 
fig. 11. i is at length all turned out and ex- 
panded, and the other little part likewiſe ſhews 
itſelf: it has five diviſions, and ſhort briſtly 
hairs; and it now appears very elegantiy and 
beautifully bent 5. This makes the more agree- 
able ſight, as theſe five diviſions are of a bright 
red colour, but the reſt of this little part is 
membranaceous and whitiſh. The cloſed ap- 
pendages & retain their figure, and only the 
horny little part ſituated in the root of the pe- 
nis, is by degrees more and more thruſt out, 
and is further introduced into the horny part of 
the genitals. Hence it happens that the root 
of the penis e becomes ſtraighter, whilſt the 


it was. 
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ſhaggy part r of the pudendum till remains az 


If one continues to preſs out theſe parts fur.. 
ther, the skin being the idal. little part, 
and that which has five diviſions, is by degrees 
widened and diſtended ; and hence it after. 
wards happens, that what is called the penis, 
fig. 111,' g, appears there in this manner; it 
turns itſelf entirely out, exhibiting a membrana. 
ceous ſtructure, and beautiful corrugations in the 
head 7. Then the pyramidal particle 7 like- 
wiſe becomes entirely unfolded and expanded; 
and the horny little part F encloſed in the root 
of the penis, is entirely, with a great part of 
the root itſelf, preſſed out of the body. This 
is forced through the middle of the horny, 
Tab. XXII. fig. 111. 9, and hairy rr part 
of the genitals: hence the little part with fine 
rings is then likewiſe dilated and extended fo 
far, that on each ſide it appears wholly reclined 
towards the hairy part r of the pudendum. 
As theſe parts are pellucid, the horny little 
part F is ſeen through the skin of the penis, 
whilſt in the mean time the little part with 
fine rings being plainly drawn down under it, 
reſembles as it were an expanded membrane, 
and appears marked with ſome lines or bright 
red grooves or furrows, between which are ſeen 
its five diviſions, I do not think it neceſſary to 
delineate all and each of theſe : but the cloſed 
appendages # & are then, without any regard to 
theſe ſeveral changes, obſerved to remain in 
their former figure and ſituation. 
Whilſt theſe parts are in this ſtate below the 
penis as it is called g, is ſeen a conſiderable 
aperture u, which appears underneath and be- 
tween the diviſions of the horny little part ſi- 
tuated inwardly at the root of the penis; 
through this aperture, not only the ſaid little 
organ but a great part of the root of the pe- 
nis may be forced, and thus will cauſe the 
ſperm to flow plentifully from thence. The be- 
fore deſcribed cavity of the genitals ſeems from 
hence, therefore, to be the true paſſage u of 
the ſperm, though for ſome time I have attri- 
buted that office to what is called the penis g 7; 
but I obſerve that this as well as the other parts 
is cloſed and has no orifice. Wherefore I can- 
not imagine what uſe this little part is of; as 
I do not yet conceive the purpoſe of that other 
little part, which one may take for a penis. 
On the contrary, I think I very clearly ſee that 
the internal horny particle F is made in order 
to dilate the root of the penis with its ſtiff- 
neſs, and to preſerve it when opened, by which 
an eafy paſſage is given to the ſemen through 
the latter. Indeed, in my opinion there was 
a neceſſity for ſuch a caution, on account of 
the great impetus wherewith theſe parts are 
forced out; for if that little part were not hard 
as horn, the ſaid paſſage would be eaſily ſqueez- 
ed together, and conſequently the ejection of 
the ſeed hindered. But whether theſe particles 
which are inflated with air, contribute to pro- 
pel the reſt of the parts out of the body, and 
whether 


: 


| wherewith I preſſed theſe parts out 
the body, muſt be ſtill more accurately in- 


Tab. XXII. fig. 1. becomes extuberant, until 
finally it is entirely extended, fig. 11. 1. Then 
the five ringed little part, Tab. XXI. fig. 1. B, 
is obſerved, fig. 111. and Iv. 5, to appear 
little and little, and to invert itſelf, Tab. XXII. 
fig. 1. &, until it is diſplayed a little more, and 
then it is entirely inverted, exhibiting to the 
eye a very beautiful fight, fig. 11. 5. In the 
laſt place, Tab. XXI. fig. 1. g, the penis, as 
it is called, is by degrees propelled between the 
pyramidal part and that which has five diviſi- 
ons, and is inflated with air, Tab. XXII. fig. 
111. g, ft, and at the fame time the quinq 
partite little part is entirely dilated, and under 
what is called the penis, entirely towards the 
hairy part of the genitals rr. In the mean 
time whilſt theſe things are doing, the root of 
the penis e and its inward horny particle /, is by 
degrees moved forward and thruſt out of the 
body, ſo that the orifice out of which the 
ſperm is diſcharged u may be very diſtinctly 
feen. | | 
As almoſt all theſe parts are- thruſt out by 
force of the air, the reaſon is obvious why 
ſome of them, when not diſtended with air, 
appear wrinkled and contracted in the body, 
Tab. XXI. fig. 1. gi K . It appears alſo 
for what reaſon I call this little part g the penis, 
and that is, becauſe it bears ſome reſemblance 
to a penis, Tab. XXII. fig. 111. g r. Indeed, 
if it be perforated and erected by force of 
blood and ſperm, one may more properly take 
it for a penis than the fine ringed little part, 
which is likewiſe impervious. The poſterior 
part of this penis next to the body # is very 
beautiful, reſembling in brightneſs the foot of 
a cryſtal drinking glaſs with ſmall ribs, onl 
that a little whiteneſs intermixed obſcures in 
ſome meaſure the brightneſs. = A 504 
From the deſcription and figures of the ge- 
nital organs thus exhibited, it is ſufficiently evi- 
dent, that it is ſcarce poſſible that all, and in- 
deed, hardly credible that any of theſe parts 
ſhould be admitted into the body of the female: 
wherefore, I firmly believe that the female Bee 
is impreguated only by the ſtrong effluvia of 
the male ſperm, after the Bee has diſcharged it: 
nor would I have this doctrine rejected by any 
perſon as abſurd though ſeemingly ſtrange, For 
firſt, though a penis or little part like it ſeems 
to be given to the male Bee, yet this is by no 


for theſe are not ſufficiently clear 
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means ſufficient for impregnation; becauſe it is 
not only impervious; but by reaſon of its ſitu- 
ation and figure; it cannot, I think, be admit- 
ted into the female's body. Nay, though the 
penis ſhould be admitted thither, yet it could 
not convey the ſperm into the uterus, the lat- 
ter being diſcharged through a quite different 
In Hornets there is a wonderful and 
diſtinctly viſible penis; on each fide of it are 
ſeen two horny hooks . like claws, by the help 
of which the male Hornet fixes himſelf to the 
extreme ring where the female's vulva is, and 
then advances its penis further into the uterus: 
In the Silkworms and in the horned Beetles the 
lame may be ſeen ſtill plainer. I have found 
from experience that the male ſperm of Bees 
exhales a rank and ſtrong odour ; ſo that if 
there be ſeven or eight males together encloſed 
in the little box, this is more ſtrongly infected 
with the effluvia of ſperm than any one could 
believe, who hath never ſmelled theſe ſeminal 
vapours: And though the parts alſo containing 
this ſperm have no aperture in the male, and 
the ſaid orifice was perhaps produced by me 
only, by the violent ſqueezing of the poſterior 
part of the body, yet it does not therefore ſeem 
les probable that the ſubtile particles of the 
ſperm may eaſily penetrate through the tender 
and inflated membranes of the genital organs, 
and by their effluvia only impregnate the fe- 
male. Does not experience teach, that even 
the white as well as the yoke inſenſibly inſpire 
through the membranes and hard ſhell of the 
egg? Secondly, though the males were pro- 
vided with a penis fit for real coition, yet they 
never have an opportunity of copulating with 
the female, ſince ſhe is always ſurrounded with 
great numbers of the working Bees, nor is ſhe 
ever any where left alone by them; ſo that one 
cannot by any means imagine that the working 
Bees grant the female a place and acceſs to 
exerciſe venery. But if any one objects, that 
the males probably engender with the female 
when they adhere about the cell, out of which 
the female iſſues ; this cannot be allowed, ſince 
their genital organs are not obſerved to be con- 


ſtituted in ſuch a manner as to be accommo- 


dated to or for this buſineſs, However, if 
the aperture beforementioned, through which 
the ſperm flows, be naturally in the genital 
parts, I readily accede to the opinion of one of 
my friends, who thinks that the males when 
they penetrate through the noiſy ſwarm of the 
other Bees, rub a little of the ſperm upon the 
female's body, and thus impregnate her : but 
this opinion is deſtroyed if that orifice whence 
the ſemen iſſued is not natural. Upon the 
whole, it ſeems to me- more probable, that the 
female is impregnated only by the ſtrong and 
very ſubtile effluvia of the male ſeed, For if 
only eight male Bees are able to emit a ve 

—_ what will four hundred'of them 
together do in a hive ? It is probable there is 


in general a greater number than this of males 
in one hive, which would not indeed be diffi- 
cult to know, if one would count either the 

males 
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males themſelves, or the cells whence they are 
excluded. To which may be added; that other 
creatures impregnate their females only by con- 
tact, or by aſperſion or ſprinkling, as is plainly 
the caſe in Fiſh. In the fiſh kind we ſee plain- 
ly, that the eggs or ſpawn caſt by the female 
into the water, are only ſprinkled or daſhed 
with the melt or ſperm of the male, and are 
by this means fecundated. The fame thing 
holds with reſpect to the Ephemerus, whole fe- 
male flying in the air drops her eggs into the 
water, and the male then ſeeks after them, and 
ſprinkles and fertilizes them with his ſperm, 
As therefore the water ſerves Fiſhes as a me- 
dium, through which the impregnating virtue 
of the ſperm is communicated to the eggs, 
ſhall it be thought improbable, that the air is a 
medium of the fame kind to the Bees, by 
means of which the ſubtile particles of the ſeed 
diſperſed through the hive, are transferred to 
impregnate the ovary of the female? Indeed 
the whole conſtitution of the genital organs of 
the male confirms this opinion. The fame is 
likewiſe intimated by thoſe very ſtrong ſeminal 
vapours, which are perceived by the noſe, when 
even but a few males, at the time of ſwarm- 
ing, lie encloſed for ſome hours in a box. To 
the reaſons hitherto advanced may be added, 
the golden or incomparable obſervations of 
Harvey, by which it is indeed evidently de- 
monſtrated, that even in man and in brutes the 
ſperm never comes to the uterus, but that the 
more ſubtile and ſcarce perceptible particles of 
it change the whole body at the time of coition, 
and according to what I obſerved in the human 
ſpecies, impart or give a more perfect anima- 
tion and motion to the eggs, while they are 
{till in the ovary. That the ſemen never comes 
into the uterus, appears moſt certain from the 
following experiment: let the penis of a Dog 
in the act of coition, be tied behind the knot 
which it then forms, and immediately cut off, 
and let the female be inſtantly opened, all the 
ſperm will be found ſticking in the vagina. In 
domeſtick fowls the Cock only emits his ſperm 
through two ſmall apertures, and rubs it to the 
vulva of the Hen ; tor he has no penis nor any 
remarkable production of the vaſa deferentia : 
in other inſtances theſe unite in one common 
channel, or, as in us, are produced out of the 
body by the help of the urethra: but in the 
mean time the ſubtile particles of this gallina- 
ceous ſperm thus rubbed on the body penetrate 
through the membranes, nerves, veſſels, nay, 
through the whole body of the Hen, though 
they be intended to affect and impregnate only 
her ovary. In the ſame manner nearly the 
ſeeds committed to the earth, or being only on 
its ſurface, we ſee are affected by the earth's 
moiſture ; ſo likewiſe a little barm, or yeaſt, 
ferments, moves and prepares the whole 
maſs. The little part which appears like a pe- 
nis in the Bee, is wonderfully ſmall and deli- 
cate, and of a very beautiful ſtructure; and 
hence I preſerve it in my collection as a thing 
very worthy of contemplation. One doubt 


The BOOK of NATURE; oer, 


may be {till objected to the 1 thr 
have advanced concerning the odiferous i 
nation of the female Bee, and that is; ah. 


female at the time of coition may thruſt the 


extremity of the vulva into the body of the 
male, as is evidently the caſe with ſome ſpecies 
of Flies, But I anſwer to this, that the extremi.. 
ty of the uterus in this female is not made in the 
ſame manner as it is in thoſe Flies: beſides that 
theſe arguments, by which I have before al- 
ledged that the male cannot eaſily approach the 
female, and that no coition can be pe 
amongſt the whole ſwarm of the buſy and 
noiſy Bees, ſtill remain unſolved. To which 
add, that it muſt be firſt very evidently proved, 
that the aperture obſerved by me about the 
horny little bone in the root of the penis, out 
of which I expreſſed the ſeed, is natural, and 
in its natural ſtate is emitted ſo far out of the 
body. Nay, and if all theſe ſuppoſitions were 
taken for granted, yet it would be hard to de- 
monſtrate that this coition of the Bees is like 


that which obtains among thoſe Flies. The 


coition indeed of the Hornets, which is nearly 
related to the Bee kind, ſeems likewiſe to con- 
tradict this opinion. But, perhaps, ſome will 
rather maintain, that as ſoon as the female hath 
broken its cell, the male immediately creeps into 
it, and begins to copulate with her while yet in 
the cell. And among many other reaſons this 
may be alledged as one, why the cells of the 
females are much larger than thoſe of the other 
Bees. But all theſe matters are merely con- 
jectural, and they are not only contrary to the 
ſtructure of the genital organs, but they ought 
not, nor can ever be admitted as certain, only ſo 
far as they are eſtabliſhed by trial; nor can I 
think it is impoſſible to know by experiments 
how this female is impregnated. However, 
my opinion is, that this impregnation happens 
by means of the effluvia only; it remain- 
ing thus far ſufficiently ratified and confirmed. 
The female, therefore, at the time of ſwarming, 
becomes fecundated by only the ſeminal efflu- 
via of the males, which diffuſes itſelf in the 
hive ; and hence the tripple ſeed in the ovary 
of the female acquires its fertility ; that is, 
ſome thouſands of the eggs, out of which the 
working Bees are produced, then ſome few 
eggs out of which the females are excluded, 
and ſome hundreds which produce males. But 
the two latter ſpecies of Bees are not generated 
in the hive until the year following, unleſs when 
the hive is to ſwarm again the ſame year ; for 
then the males iſſuing from thence perform that 
buſineſs again for the ſubſequent year. 

If the reader views the admirable ſtructure 
of theſe genital organs, and the exquiſite art 
conſpicuous therein, according to their 

and dignity, he will indeed ſee that God, even 
in thoſe minute inſects, and their parts, has con- 
cealed from the incurious eye, ſtupendous mi- 
racles; nor is it difficult to diſcover and illuſ- 
trate theſethings, provided one ſedulouſly applies 
to their inveſtigation. Conſider, therefore, what 
a progreſs acute and ſagacious geniuſes ber 
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if they will induſtri- 


ä — alters 


ouſly ſearch into them. 
deſcribed | | 
ſhadows of the things themſelves : it would be 
eaſy for ingenious s to diſcover and lay 
open all theſe things thoroughly and more per- 
fectly, to the glory of the great God 9. As 
to myſelf, I do moſt willingly confeſs that my 
capacity is ſo ſlender, that I am able to behold 
the works of God only at a diſtance. Nay, 
the more frequently I view them, the more I 
am convinced of _ 2 ce, and I know 
own weakneſs miſery. 

To make what has been hitherto deſcribed 
the more intelligible, I ſhall add the figure of 
the genital parts of the great water Beetle, in 
which the teſticles are very remarkable for their 
ſtructure. | 7. 25 

Tab. XXII. fig. v. a, the penis itſelf, which 
is ſituated in the midſt between the prominences 
of the horny part, and is inflated and erected in 
coition by the help of the blood. by 

bb, The horny part of the penis, in the mid- 
dle of which it is placed, and is ſtrengthened 
thereby. | | 

cc, The root of the penis formed in the ſame 
manner as in the Bee. | 

d, The teſticle of one fide, as it appears at 
firſt ſight, when diſengaged from its pulmonary 
tubes. | 

ee, The teſticle freed of its pulmonary tubes, 
ſo that its internal ſtructure, which is tubular, 
or conſiſts of ſmall and round filaments, may 
be ſeen. | 

F, The vaſa deferentia, whereof one extre- 
mity, as in man and brutes, iſſues out of the 
teſticles, or rather is joined to the tubulated 
filaments thereof. | 

gg, The vaſa deferentia dilated, or that part 
of them where they ſecrete a certain ſeminal 
matter, as well in man as in the Bee. 

HHB, The ſeminal veſicles with their 
curled extremities : theſe appear in that part 
not unlike the ſeminal veſicles in man. 

7 7, Veſſels cloſed at their ends, which open 
about the root of the penis, and probably per- 
form the office of proſtrata in man. 

Finally, to conclude this hiſtory of the anato- 
my of Bees, Ithall ſubjoin a deſcription of the ſpi- 
nal marrow, and ſhall delineate it, and explain the 
figures, All other things which may be further 
faid of theſe inſects, ſuch as the deſcription of the 
bony or horny parts of the Bees, I ſhall paſs 
over at preſent in ſilence ; for as the Bees have 
now employed me continually for ſome months, 
diſſecting in the day time, and writing at night, 
I am the more inclined to put an end to the 
preſent treatiſe, though 1 clearly ſee that 
ſome parts of this inſect may be ſtill much 
more accurately / inveſtigated. However, I 
ſhould ſcarce believe that I have committed any 
conſiderable errors; therefore I confidently 
ſubmit to the cenſure of thoſe who have can- 


This author died before the invention of glaſs hives, 


and exhibited; are indeed but light 
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dour, and ſhall never refuſe to learn better 
things. | 1 
The ſpinal marrow of the male Bee, Tab: 


XXII. fig. vi. @, knotted in its beginning, or 
that part of the brain which in the deſcription 
of the eye diſſected before, I have ſaid was 
joined to or continuous with the brain, the cor- 
tical ſubſtance and tranſverſe fibres: This part, 
which gives origin to the nerves of the eye, is 
very eaſily ſeparated from the parts juſt now 
recited, if it be in the leaſt handled. I have 
not yet examined how the eyes are conſtituted 
in other inſects, and in the Silkworm, with 
reſpe& to the brain or ſpinal marrow ; I have 
delineated only their nerves as they appear in 
the Worm or Caterpillar, as may be ſeen in 
the figure which I have before inſerted in the 
hiſtory of the Rhinoceros Beetle; where is like- 
wiſe ſeen very diſtinctly, the nervus recurrens, 
or recurrent nerve, which I have here after- 
wards obſerved in the Bee. 

bb, 1, 2, 3, &c. Shew the ſeven ſubſequent 
little knots of the ſpinal marrow, into which 
the marrow, when it paſſes through the breaſt 
and abdomen, is dilated. Theſe fame letters 
likewiſe ſhew the origination of the nerves from 
thoſe parts. | | 

ccc, Are ſome nerves which do not ariſe 
from the marrow where it is dilated, but from 
the diviſion of the two larger nerves which 
conſtitute the marrow. 

d d d, &c. Are thoſe places where the mar- 
row is divided or operis. This is never ſeen in 
man, nor in larger animals. 

e, The part of the marrow ſituated in the 
head, and that in the neck. The part in the 
neck lies encloſed in a ſmall horny part. 

J, The part of the marrow which is placed 
in the thorax, and there principally provides for 
the muſcular fibres that move the legs, wings, 


e.. 


g. The part of the marrow encloſed in that 
narrow horny little part, by which the body is 
Joined to the breaſt; 

B, The part of the marrow ſituated in the 
abdomen, which gives nerves not only to the 
viſcera, but to the muſcles of the rings, and to 
the ſting. | 

i i, Two remarkable nerves diſtributed over 
the jaws, and other parts. They are the ſame 
that I have before exhibited in the figure of 
the eye. 

EE, Two nerves reaching to the proboſcis or 
trunk, ſerving probably for the taſte, 

4% Two other nerves which ate conveyed 
into the muſcles of the trunk. I could not yet 
inveſtigate the olfactory and auditory nerves in 
this creature. 

m m, Two nerves tranſmitted out of the be- 
ginning of the marrow towards the eyes, as 1 
think. This, however, I cannot aſſert for cer- 
tain, as I do not love to deceive either myſelf 
or others, for it is a difficult thing to ſee this 


— Theſe have been carried to ſuch perfe&tion ſince, that we cart ſea 
the whole courſe of operations of the Bees carried on in it. It is thus we have diſcovered their true oeconomy. 
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the brain are here united to the marrow... 

an, Two nerves ſent off from the thorax to 
the upper muſcles of the body, and together 
with the marrow encloſed in *. narrow. fala- 
9 0 which connects the thorax with the 
| 75 Two ſtrong nerves, which are for the 
molt part inſerted in the root of the penis, and 
other organs of generation, as has been ſhewn 
in the figure of thoſe parts. 

Fig. v1. 5 65 &c. Part of the marrow repre- 
ſented ſomewhat magnified. 

7 9, &c. The external medullary ſubſtance, 
reſembling a divided nerve. 
, Another portion of marrow, put between 
its proper medullary ſubſtance ; by the acceſſion 
or addition of which the marrow is dilated into 
a little knot, This is by no means ſo white as 
the medullary ſubſtance itſelf, but ſomewhat 
gray, and approaching to fleſh colour; therefore 
perhaps the marrow is by the intervention of 
ſuch a different ſubſtance dilated and made more 
firm, in order to ſtrengthen it for omitting its 
nerves. This may be likewiſe ſeen fig. vi. under 


the letters c c, where even the medullary ſub- 


ſtance itſelf becomes thicker : probably this di- 
latation ſerves alſo for another purpoſe ; for that 
dilating matter ſeems to me to be of the ſame 
nature with the ſubſtance of the brain in this 
inſet, and agrees with the cortical ſubſtance, 
and the tranſverſe fibres. I ſhould in this place 
add a delineation of the pulmonary tubes, 
whereof theſe nerves have a conſiderable num- 
ber, but that-I am certain as adequate an idea 
may be had by the deſcription of them, That 
ſubſtance which is lodged between the medul- 
lary matter, hath been before me ſhewn- by the 
juſtly celebrated Malpighius, in his excellent 
treatiſe on the Silkworm, and he has alſo deli- 
neated the pulmonary tubes there. I had reſolved 
to ſtop in this place, but upon reconſidering my 
obſervations, I found ſomething in them belong- 


ing to the hiſtory of the Bees, which I thall 


firſt explain. I ſhall in the firſt place give a 


brief hiſtory of the inſect called the Bee-hive 
Wolf, or Lupus Alvearius: this is an inſect, 
which, when it comes into the hives of Bees, 
ought to be conſidered as their deſtructive 
plague, becauſe it conſumes and eats all their 
wax. This creature, properly enough called 
Lupus or Wolf by the Bee-keepers, is a Ver- 
micle like, as to form, to a ſmall Caterpillar, 


Tab. XXVI. fig. 11. a, the body, computing 


the laſt annular inciſion of the tail, is divided 
into fourteen rings; on each ſide of the body 
are nine points of reſpiration ; the firſt and laſt 
of theſe, which indeed I think are peculiar 
to the inſect, are as large again as thoſe that 
are placed between them. The pulmonary 
tubes are white, and appear diſtinctly through 
the body. The body itſelf is nearly ſmooth, 


being ſet only with a few ſcattered, thin, and 


oblong hairs. When this creature contracts itſelf, 
ſeveral regular whitiſh folds or wrinkles are 
produced in its skin. In the head are to be 


-— 


ence of their ſoles. This Caterpillar is pro- 
duced from a ſmall kind of an oblong egg, 
which is laid in the combs by a grayiſh Butter- 
fly 5 of the Moth kind. It is a very deſtruQive 
Caterpillar that proceeds from this egg a, for it 
not only corrodes or gnaws the combs, becauſe 
it feeds on wax, which I think it has in com- 
mon with the Worms of the Humble Bee; but 
wherever it paſſes, it likewiſe gnaws round holes 
through theſe waxen cells : by this means one 
Worm ſometimes breaks open and deſtroys 
fifty or ſixty ſuch cells. We muſt particularly 
obſerve, that this Worm, wherever it pene- 
trates, always fabricates or forms an hollow 
and tubulated web c c, in which, as in a rabbit 
burrow, it can very ſwiftly paſs from one part 
to another, and very ſpeedily run back again. 
If you attempt to catch this Worm at that 
time, you will ſee it by the help of the claws, 
wherewith its hinder feet are armed, very 
firmly fix itſelf. Unleſs this creature be ſoon 
expelled, or be killed in the beginning by the 
Bees themſelves, and carried out of the hive, it 
fills the whole: comb with ſuch webs, and 
turns itſelf in them every way into various 
bendings and windings: ſo that- the Bees are 
not only perplexed and diſturbed in their work; 
for they frequently intangle themſelves by the 
claws and hairs of their legs in thoſe webs, 
and the whole hive is deſtroyed. That I might 
be able to inveſtigate more accurately the true 
nature of theſe little creatures, I have ſometimes 


given them food for a time. When I have for 


that purpoſe expoſed a comb of wax in a 
drawer of my cabinet to the open air in my 
chamber, the whole comb has been in a very 
ſhort time eaten up by numbers of ſuch Worms. 
But I always firſt obſerved many of their But- 
terflies fluttering about my chamber. Nay, I 
ſaw. ſome of theſe Worms ſo famiſhed, that 
they devoured the ſoft part of the bodies of 
ſome dead Bees, which had till ſtuck in the 
comb; nay, did not leave even their wings. 
They made very wonderful burrows, Tab. 
XXVI. fig. 11. cc, through the comb. Beſides 
this particular Caterpillar, there is another 
ſmaller, that likewite iſſues d from a little 
ſpecies of Butterflies, and does great miſchief 
to the combs corroding and eating away the 
wax, This Caterpillar is not only deſtructive 
to the wax, but to the Bees themſelves, for it 
buries and kills many of them ; but this hap- 
pens only by chance. I faw one of theſe little 

| Worms, 


Worms, whillt it was ſimall and was breaking 
the cells, in which the Nymphbs of the Bees 
lie, and eating the wax there, cover the Nymphs 


could be ſcarce known. To this may be ad 
that the Worm. itſelf, when, in order to get 


N s, compreſſes and deſtroys them : this 
Ir is — chiefly by one that is 
more grown; the body of which demands 
ſomewhat more ſpace. _ I have learned theſe 
matters much againſt my inclination, and have 
been full of indignation againſt the Worm, 
when with its excrement it defiled and killed 
ſome Nymphs, which I had defigned to obſerve 
in their changes. 
As this Worm uſes wax for its food, its ex- 
crements are nearly of the ſame nature; if they 
be received upon a thin plate of glaſs, and put 
over a burning coal, they melt at firſt like wax, 
but afterwards they harden, and like the burnt 
Bee-bread, become friable between the fingers. 
Theſe excrements are of a black colour, and of 
an hexagonal figure, and when chewed they 
exhibit a ſweetneſs and tenacity like wax: a 
tincture may be extracted from them by ſpirit 
of wine, ſach as hath heen uſed to be pre- 
ed out of the excrements. of ſome other 
animals, and then applied to medicinal uſes. 
Nor would it indeed be difficult to gather to- 
gether a great quantity of theſe excrements ; 
provided their uſe was known, After this 
Worm hath eaten ſufficiently it forms, Tab. 
XXVI. fig. 11. e, to itſelf a new oval white 
web, and encloſes itfelf therein, ſometimes co- 
vering the circumference with its excrements. 
Sometimes each of theſe Worms weaves ſingly, 
and ſometimes forty or fifty of them perform this 
work together : in ſome time afterwards th 
are changed into Chryſallides or Aureliæ /; ſo 
that we ſee they belong to the ſecond method 
of the third order of natural transformations 
or accretions in the parts. Finally, theſe 
Worms having acquired the figure of Chryſal- 
lides, caſt their laſt skin in their webs, and at 
length creeping out of them appear winged 
animals d 6, and aſſume the perfect form of 
their parent Butterflies. Theſe frequently pitch 
about the doors or other openings of hives, 
and as it were ſollicit admiſſion, but they are 
very aſſiduouſly kept out by the Bees: they are 
indeed formidable enemies to the Bee, though 
theſe and all other ſpecies of Moths, are very 
weak creatures, which may with the fingers be 
eaſily reduced to duſt. The Bees, however, do 
theſe Butterflies no miſchief, unleſs when they 
by their irregular flying, which is common to 


wings, or when they too obſtinately attempt to 
creep into the hive, The ſmaller ſpecies of theſe 


hive. They carry them to a diſtance, becauſe they hate a ſtench. 


alſo with its excrements, inſomuch that = | 


food, it creeps every where round about the 


almoſt all Butterflies, ſtrike the Bees with their 
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Moths is of a grayiſh colour; and has four 


ſomewhat glittering wings, fix legs, and two 
long and ſharp-pointed antennæ or — placed 
juſt over the eyes. The other ſpecies which is 
is of a more dusky colour; and has wings 
ſomewhat ſpotted, in the middle of which, or 
in that part where they reſt upon the body, 
are ſeen on each fide three ſmall eminences, 
compoſed of feathered little ſcales, formed in 
the ſame mannet with all the reſt of the But- 
terfly ſcales; for they are not real feathers 
which 13 theſe wonderful and very beau- 
tiful colours of the wings of thoſe creatures, 
but rather ſcaly little parts ſupported by little 
ſtalks. Aldrovandus hath delineated this ſpecies 
of Butterflies, and he gives it the name of the 
hive Moth; 3 
One may ask naturally why the Bees ſuffer 
theſe Worms, which Alber and conſume their 
workmanſhip ſo terribly, to live in their hives ? 
and this ſeems the more ſtrange, becauſe the 
Bees kill their own males about the end of 
auguſt; break their wings with their teeth, and 
carry them out of the hive; nor do they leave 
them, till they are perfectly dead. Nay, they 
do not admit other Bees, nor ſuffer Hornets to 
enter their hives. The ſolution of this queſtion 
is eaſy and obvious, for the principal reaſon 
conſiſts in this, that the female is then either 
barren, or does not lay eggs enough, and con- 
ſequently does not multiply the number of the 
Bees as ſhe ought to do; or is perhaps muti- 
lated, maimed, without wings, or weakened 
by ſome other means, When theſe things hap- 
pen, as the working Bees have no Worms to 
feed; or whoſe cells they ſhould build, or even 
when the hive is too large, on account of the 
ſmaller number of the Bees that inhabit it; than is 
requiſite to contain them and their iſſue; on any 
of theſe accounts the progeny of the Bees occu- 
pies the upper part of the hive, and the work- 
ing Bees, throwing off all care of preſerving 
their cleanlineſs and neatneſs, lead a careleſs, 
idle, and irregular life, and gather but little 
honey ; nay, if the males be in the hive, when 
in this condition, they by no means kill them, 
for they have nothing to mind or take care of 
but feeding themſelves, and they throw off all 
affection 2 the preſervation of their progeny, 
and have too much time to fly about and pro- 
vide for themſclves ; therefore, having no occu- 
pation, they live very diſorderly, and will leave 
their males alive till the winter is far advanc- 
ed *. In this caſe they let the moths enter un- 
oppoſed ; they will likewiſe ſometimes creep 
underneath into the hive, that they may lay 
their eggs in the wax; This happens chiefly 
when the Bee keepers neglect to ſtop up on 
every fide the lower verge of the hive, though 


the Bees themſelves ſometimes take care of this 


Among the moral virtues attributed to Bees, none is more celebrated than that of their burying, as it is called, their dead. 
Thoſe who firſt eſtabliſhed this opinion, ſaw Bees carrying others which were dead to a diſtance from the hive, but Reaumur has 
explained this, and robbed the creatures of the glory they had retained for their ſuppoſed charity through centuries, It appears 
from the moſt ſtrict examination, that this is done in care for themſelves, not in regard to the dead. They often murder thoſe 
they thus carry out, and when the ſtores are likely to fail, they will kill even the Worms and Nymphs, and throw them out of the 


M m m matter 


— — — — Q — 
am IEF —_— — — < = 2 
— on —— — . — 


> - _ =Y — 
2 — T_T 8 ä ——_ | Z 
— 2 — — — = „ & I EE NES 
— — ” _ = — 8 — => — — * — = - 
7 — ——— —̃ ä — — — — — . — — 
3— OA +, — = — — — . — - - EE —. - — 3 : l = 
— — - 1 ” — — — — I — — = 
- —— — E x — 2 — - — — — 3 = = — — by FR 
— — ' > — — Z : — Fs — - 
— - — _ - — _ — = * 2 I. = . 2 — - - = — — 
— 0 7 — * = = — _ — — — —  — — —— — — — — * — —— - — -- - — * "= * * 
= — — — = — = — — — — — — — — — - - * 8 
* — — — — — — = _ =_ — = — 
— * — —— — — — — — — —„—-„—ê = — — * —_- _ — 
— = —_— - — — — ——— — = — 
__ _ - — ”y —— — — _— —_—_— — 


226 
matter. When therefore the Bee-keepers ſee 
a hive fallen into this misfortune, which they 
may eaſily perceive, or indeed prevent, provided 
they now and then turn up and thoroughly ex- 
amine the hive, it is their buſineſs inſtantly to 


cure it. The Wolf Caterpillar is to be expelled 


from the hive, by catting and breaking open 
the unfiniſhed wax; and if the female be ſick 
ſhe muſt be killed and the Bees put into another 
hive. If in this other hive there be too ſmall 
a number of Bees, two or three hives muſt 'be 
put together, the Bees aſſociated, and to avoid 
new confuſion one of the females mult be like- 
wiſe killed: the working Bees muſt be com- 
pelled by ſome of theſe means to mind their 
duty; and this may be very eaſily done, fince 
they follow nature as their guide, and need no 
other maſter. Beſides this Caterpillar produced 
from the Moth kinds, there are other creatures 
that are enemies to the Bees, whereof Virgil 


in Georg. IV. ſays, 


For lurking Lizards often lodge, by ſtealth, 

Within the ſuburbs, and purloin their wealth, 

And Lizards ſhunning light, a dark retreat, 

Have found in combs, and undermin'd the 
ſeat : 

Or lazy Drones, without their ſhare of pain, 

In winter quarters free, devour the grain; 

Or Waſps infeſt the camp with loud a- 
larms, 

And mix in battle with unequal arms: 

Or ſecret Moths are there in ſilence fed, 

Or Spiders in the vaults their ſnary webs 


have ſpread. 
DRrYDEN's VIRGIL. 


It is a common opinion that the Bees in 
rough and boiſterous weather, and particularly 
in a violent ſtorm, carry a ſtone in their legs, 
in order to preſerve themſelves by its weight 
againſt the power of the wind. Hence Virgil 


in Georg. IV. 
Nor dare they ſtay, 


When rain is promiſed, or a ſtormy day: 
But near the city walls their watering take, 
Nor forage far, but ſhort excurſons make. 
And as when empty barks on billows float, 
With ſandy ballaſt failors trim the boat; 
So Bees bear gravel ſtones, whoſe poiſing 
weight 
Steers through the whiſtling winds their 
ſteady flight. | 
DRY DER's VIRGIL. 


But this, as Clutius juſtly obſerves, has not 
been hitherto remarked by any Bee-keeper, nor 
indeed have I myſelf ever ſeen it. Yet I ſhould 
think that there may be ſome truth in this 
matter, and probably a certain obſervation, 
which I ſhall preſently mention, has given riſe 


e u ſwarming, one Bee with its fare legs lays hold of the hinder legs 
one leg for this purpoſe, laying hold only of one of the hinder legs 


The BO OK of NATURE; of, 


which, as 


have obſerved in the year 


There is a ſpecies of wild Bees 
ſmalleſt kind of the Humble Bee, 

they are accuſtomed to build their 
neſts near ſtone walls, and conſtruct their habj. 


i i f ſtone clay, ſometimes 
r 


to the 
not unlike 


rce credible 
by what means ſo tender inſects can ſuſtain ſo 
great a load, and that even flying, whilſt they 
are obliged to ſupport alſo their own body. 
Their neſt by this means is often ſo heavy as to 
ets Dans or two pounds; though only ten or 
twelve young Bees are brought up in it. This I 
1666, at the country 
houſe of Mr. Thevenot, ſituated in the village 
of Iſſy, not far from Paris, near the bottoms of 
ſome windows, in the preſence of Dr. Steno. 
In this neſt I at that time found a red Worm, 


with fix legs, Tab. XXVI. fig. 111. @, which 


was changed into a Nymph 5, But this Nymph 
after in the ſpace of a whole year did not change 
into a Bee, but into a very beautiful Beetle c; 
nor could I in the mean time obſerve that this 
Worm, in all this time, took any confiderable 
food, unleſs perhaps the ſtony and clayey parti- 
cle of this neſt ſerved it for food. See further 
the explanation of the figure. Befides, I likewiſe 
found there a ſingular kind of Waſp, and in 
fome hollowed tubes, I alſo found the 
membranous webs of Bees already broke open 
and deſerted. From all theſe appearances it is 
therefore evident that tis poſſible Bees be 
ſometimes ſeen to carry little ſtones, but 
oy 2 common Bees, nor have I hitherto 
found that any perſon has obſerved this practice 
in them. The neſts juſt mentioned were like- 
wiſe known to. the learned Aldrovandus, but 
thoſe he ſaw were made as it were of clay only, 
as may be ſeen in his remains or chronicles, 
where he rudely delineates the Worm of the 
little Bee, together with the neſt, and relates 
that Ariſtotle alſo, in Hiſt. Anim. Cap. 24. 
makes mention of this ſpecies of Bees; but as 
Ariſtotle in writing his hiſtory did not apply 
himſelf to anatomy, he could therefore ſcarce 
advance any thing certain; and hence it has 
ariſen that his account is very confuſed, for he 
undoubtedly compiled it from the relations of 
others, and this often leads into the greateſt 
errors. Indeed, nobody can accurately under- 
ſtand theſe my obſervations, unleſs he hath 
borrowed: light from the experiments them- 
ſelves *. 

As Bees frequent only herbs, plants, trees, 
and flowers, carefully avoiding ſuch things as 
are ever ſo little ſtinking or foul, and therefore 


are never ſeen to light, much leſs make any 


ſtay upon the dead carcaſſes of animals; the 
account given of Sampſon in the book of Judges 
chap. xiv. is a paradox with ſome, whilſt others 
look upon it as altogether incredible. Sampſon, 
according to that hiſtory, having killed a young 
Lion, found in ſome days after a ſwarm of 


of the Ree next above it, and ſometimes they uſe only 
of the Bee next above. In this manner they hang from the 


bough, or whatever other ſubſtance the firſt has fixed upon; and this firſt ſupports the weight of all the reſt. The whole cluſter, 


5 
though ſingly they are light, is of confiderable weight, and by this we may form ſome idea of theſtrength of this inſect. 


Bees, 
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's * fleſh remained on the Fiſhes, ſoon leaving 
* the bones quite bare like ſo many ſkeletons, 


death; w 
tirely cleared of its fleſh; as to form no more 
than a skeleton. In this the Bees might find a 
commodious habitation. Is it not a common 


thing to meet on the roads with the ribs and 


other bones of dead animals, ſo thoroughly 

| of the fleſh, and at the ſame time co- 
vered with part of the skin ſo dried, and in a 
manner tained, by the weather, that inſets 
may find under it ſufficient ſhelter and conve- 
nient lodging? No doubt: the text runs as fol- 
lows: After ſome days Sampſon found a ſwarm 
of Bees in the Lion's carcaſs, We muſt, indeed, 
underſtand” by theſe words, that the interval 
between his killing the Lion and finding the 
honey in its carcaſe was not very long; nor is 
there any occaſion for underſtanding them other- 
wiſe, ſihce at the time that Bees ſwarm, there 
are many inſects, eſpecially the Worms from 
which the common Flies ſpring, which, from 
their ravenouſneſs and great numbers, may de- 
vour, in a few hours as I may ſay, the carcaſſes 
of dead animals to the very bones. There are 
many ſpecies of Flies that will ſmell a carcaſs at 
a great diſtance, and immediately depoſit their 
eggs on it, as a proper place for their little Worms 
when hatched, as they very ſoon are, to find a 
food ſuited to their nature. It is almoſt incredi- 
ble how faſt theſe Worms will grow, and how 
ſuddenly they will eat up all the fleſh of a car- 
caſs. I have experienced this by hanging a dead 
Duck to the branch of an apple-tree, at the 
ſeaſon when Bees ſwarm : in three days after 
the Worms have ſuddenly broke from their 
eggs, the Duck's fleſh and entrails have been 
entirely conſumed, nothing remaining but the 
bones and a few tendons, ſo that with very little 
pains it might have been formed into a perfect 
ſkeleton. We ſee in this inſtance how greedily 
theſe Worms devour, and how faſt they grow, 
immediately upon leaving their eggs. The fame 
obſervation alſo has been before made by that 
curious naturaliſt, the illuſtrious Redi, in his 
experiments concerning the generation of in- 
ſets. His words are theſe: What was moſt 
e ſurpriſing, the Worms were ſo much grown 
© by the next day, that they each weighed 
e about ſeven grains; whereas before twenty 
<« or thirty of . Iv did not exceed one grain. 
« The other Worms that ſtill continued to 
« come from the eggs began, as I may ſay, in 
te the twinkling 0 eye, to devour what 
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e that would not have ſhamed the hands of the 
te beſt anatomiſt in Europe.” I remember that 


as | was ance travelling on a very hot ſummer's 


day through the er of Utrecht, in my 
way to Culemburgh, in order to make ſome ob- 
ſervations on the Ephemerus, I took notice of 
a dead Horſe that 1 by the ſide of the road, 
and was ſo full of Worms, that no part of its 


fleſh could be any longer diſtinguiſhed ; nor 


was the number of theſe inſects more ſur- 

riſing, than the waving motion they produced 
in the remains of the teh, bowels, and other 
parts of the carcaſs, which by that means appear- 
ed in a manner ſtill poſſeſſed of life and motion. 
A great number of the Worms; unable to find 
room and nouriſhment in it, were then crawling 


on the road, where the heat and duſt ſoon 


ſtifled them. Another time I had an opportu- 
nity of obſerving to what a degree of perfection 
theſe are poſſeſſed of the ſenſe of ſmelling ; for 
having put ſome little Worms hatched from 
the eggs of Bees into a box, in order to trace 
and examine, if poſſible, their change into Bees, 
a few of them died; they were no ſooner dead, 
than, the box not being well ſhut, ſome little 
Flies took notice of their carcaſſes as a proper 
nidi for food and ſhelter to receive their eggs. 
Accordingly I had Worms produced in them 
in a very ſhort time, which at length changed 
to that ſpecies, which I call the fourth order of 
natural mutations, and in a few days after per- 
fectly reſembled in fize, ſtrufture, and form, 
the Flies from whoſe eggs they were originally 
232 ings of this kind occur moſt 
requently in very hot ſummers; for then both 
the Flies and their Worms are multiplied in a 
ſurpriſing manner. When the bones of animals 
have been once cleared from their fleſh in the 
manner already mentioned, it is no difficult 
matter to conceive how they may in a little 
time be ſo waſhed by rain, as ſcarce to be 
diſtinguiſhable from the pureſt ivory, 

As then it plainly appears by the hiſtory of 
Sampſon, that his adventure of the Lion ha 
pened about the time when Bees ſwarm, ks 
their combs, and fill them with honey, we muſt 
of courſe ſuppoſe it was during the great heats 
of ſummer, when Flies lay their eggs; fo that 
the offspring of theſe eggs might, in all proba- 
bility, Fave devoured the fleſh and entrails of 
the Lion, within the time requiſite to ſolve all 
the difficulty that can be ſtarted upon this 
occaſion ; beſides, alternate rains, ſunſhine, and 
dew, may be eaſily ſuppoſed capable not only 
of bleaching, as already ſaid, but of purifying 
alſo, and freeing from all manner of ſtench, or 
diſagreeable ſmell, the bones that remained, fo 
as upon the whole to make the carcaſs, or rather 


The conſtruction of the cells of the Willow Bee is very extraordinary, nor are theſe found in combs : they are frequent” in 
our fen countries, I have ſcen thouſands of them in Lincolnſhire ; the Worms make themſelves caſes of the leaves, and bury 


. themſelves in the rotten 


art of the wood. The Worm of the working or hive Bee is a very weak creature, but theſe are vigorous 
and active: they wrap ſeveral entire leaves round their bodies, and 


up the ends of this hollow cylinder with pieces of 


other leaves gnawed off for that purpoſe, and ſtuck together with a kind of wax, made principally from the buttons of water 
the 


flowers. Thus they lie covered and buried till their change. This ſhews nature uſes various 


ods. 
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the skeleton of the dead Lion, a proper place 
of reception for thoſe little 'cleanly animals. 
We are not to imagine with the generality of 
mankind, that Bees at the time of their ſwarm- 
ing ſend out before them as it were ſome of 
their nobles or courtires, to prepare lodgings 
fort he reſt of the company; by no means: the 
whole cluſter ſeizes the firſt opportunity of 
fixing themſelves, be it houſe or tree, or the 
corner of a wall, no matter whether high or 
low ; and if they do not find their ſituation 
agreeable, or if no body comes with a hive 
to receive them, they ſoon fly off again, and 
ſo ramble about from place to place, till they 
find of themſelves, or till ſome one offers them, 
a convenient habitation. And thus it is pro- 
bable that Sampſon's Bees had acted, till they 
at laſt ſettled in the Lion's carcaſe, where 
they built their combs and depoſited their ho- 
ney : God himſelf, who governs all things, 
and from whom this work, or, as the holy 
writings expreſs it, Sampſon's conduct pro- 
ceeded, directing the motions of thele little 
infects, 10 as to afford a ſubject for a riddle, 
and conſequently a juſt excuſe for delivering 
his people. I had once an opportunity of 
obſerving how irregular Bees will ſwarm, in 
a houſe belonging to Mr. John Oort, now 
magiſtrate at Nieuwenrode, that had greatly 
ſuffered by fire. I found the ſwarm in one of 
the remaining walls, where they had made 
both wax and honey ; but their choice of this 
place was highly imprudent, for the hole by 
which they were to go in and out of their 
habitation was ſo large, that they could not 
by any means keep off the winter's cold, and 
their number alſo ſo ſmall, that they had not 
provided food enough to ſubſiſt them at home 
on the ſevere days when they could not go 
abroad. Sometimes I have ſeen ſwarms of 
Bees hanging to the topmoſt branches of the 
loftieſt trees, and at other times, content with 
ſo humble a ſituation, that the cluſter their 
ſwarm formed in a manner touched the 
earth. 

It is probable that the not rightly under- 
ſtanding Sampſon's adventure of the Lion, 
gave riſe to the popular opinion of Bees ſpring- 
ing from dead Lions, Oxen and Horſes; and 
this opinion may have been conſiderably 
ſtrengthened, and indeed in a manner con- 
firmed, by the great number of Worms that 
are often found during the ſummer months 
in the carcaſſes of ſuch animals, eſpecially as 
theſe Worms ſomewhat reſemble thoſe pro- 
duced from the eggs of Bees. However ridi- 
culous this opinion muſt appear, many great 
men have not been aſhamed to adopt and de- 
fend it. The induſtrious Goedaert has ven- 
tured to aſcribe the origin of Bees to certain 
dunghill Worms, and the learned de Mei joins 
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with him in this opinion; though neither of 
them had any obſervation to ground their 
belief upon, but that of the external reſem. 
blance between the Bee and a certain kind of 
Fly produced from thoſe Worms. The miſ- 
take of ſuch authors ſhould teach us to. uſe 

caution hr our — ions concern- 
ing things which we have not thoroughly ex- 
n at leaſt to deſcribe them — all 
the circumſtances obſervable in them. There- 
fore, although this opinion of Bees iſſuing from 


the carcaſſes of ſome other animals by the 


power of putrefaction, or by a tranſpoſition of 
parts, be altagether abſurd, it has had not- 
withſtanding many followers, who muſt have 
in a manner ſhut their in order to em- 
brace it. But whoever will attentively con- 
ſider how many requiſites there are the 


due hatching of the Bee's egg, and for that 


1 's ſubſiſtance in the Worm ſtate, as has 
en particularly explained in the preceding 
pages; whoever, I ſay, conſiders all this wich 
the attention it deſerves, cannot be at a loſs 
for a clue to deliver himſelf out of that la- 
byrinth of idle fancies, and unſupported fa- 
bles, which, entangled with one another like 
a gordian Knot, have even to this day obſcured 
the beautiful ſimplicity of this part of natural 
hiſtory. Nor need we complain that by over- 
turning this ſyſtem, we loſe examples by 
which many moral precepts may be enforced; 
there will remain a ſufficient number of ſolid 
obſervations to anſwer the ſame purpoſe. Thus 
mutual love, friendly cohabitation, and unin- 
terrupted courſe of offices, obſervable 
amongſt Bees, who behave in all this as if 
they were actuated by chriſtian principles, and 
lived in a real communication of all good things, 
with their induſtry, by which their happineſs 
is conſtantly encreaſed, are powerful motives 
to engage us in the ſame practices. It is this 
love, this communion and diligence, that go- 
verns, ſupports, gives motion and life to their 
little republicks; and if we contemplate the 
inſtitutions of the primitive chriſtians, we ſhall 
find they lived in the ſame manner. 

It is a difficult matter to determine an 
thing in regard to the period of life whic 
nature has alotted theſe inſets *; at leaſt I 
muſt own that I have not as yet been happy 
enough to hit upon any ſatisfactory experi- 
ments on this head. Some perſons who — 
made Bees their ſtudy, affirm as a certainty 
that working Bees live but one year, and Iam 
not averſe to their opinion, though I do not 
think they have as yet any ſure obſervations 
to ground it upon. On collecting all the 
Bees that die in a hive in one year, we find 
their number equal to that of the ſurviving. 
In autumn and winter, when the Bees neither 
fly abroad, nor carry their dead out of the 


The Bee, which is ſo able to defend itſelf in the perfect ſtate, is, while in the condition of the Worm and Nymph, liable 
to deſtruction by that moſt contemptible creature the Mite. Millions of theſe get into the hive, whoſe paſſage would W dei- 
ately defended againſt larger aſſailants; and they make their way into the cells and devour them. This was firſt obſerved of 


a kind of Bee that breeds in rotton willows, and the account is 
been diſcovered in the common kind ; and the miſchief has 


ben at large in the Philoſophical Tranſactions. It has fince 


n often done where it was not ſuſpected how. . 
8 hive, 


The HISTORY of INSECTS. 52 


hive, an idea may beſt be formed of the de- 
gree of mortality that prevails amongſt them: 
at thoſe times their dead carcaſſes are found 
at the bottom-of the hive by handfuls toge- 
ther. Now, if by adding to thoſe that die in 
this manner, all ſuch as fly off and never re- 
turn, or that periſh in the fields in cold and 
rainy weather, or are devoured by Swallows 
and Dragon-Flies, daſhed by the wind againſt 
the leaves and branches of trees, or entangled 
in the webs of Spiders, we may eaſily gueſs 
that a far greater number of them periſh with- 
in the year, than thoſe which are to be found 
alive in the hive. We likewiſe obſerve in the 
autumnal ſeaſon, that the wings of Bees are 
often mangled, broken and wounded, and they 
appear ſo alſo in the beginning of the ſpring ; 
whereas at the time when they ſwarm, their 
wings are ſound, entire, and in good order : 
all this makes it more probable, that Bees live 
but one winter, or from one ſeaſon of ſwarm- 
ing to another. They may ſometimes, how- 
ever, be obſerved to continue in the ſame hive 
for years together, provided part of the wax 
is now and then taken away ; but this happens 
in the ſame manner that in great and populous 
towns the number of inhabitants is kept up 
by thoſe who come by degrees into the 
world, and inſenſibly ſucceed ſuch as ſickneſs, 
accidents, or old age, carry off. Beſides, the 
working Bees which have outlived the ſwarm- 
ing ſeaſon and the winter, have performed 
the task aſſigned them by nature, namely, 
that of keeping each other warm in the cold 
weather, and nurſing the riſing generation: 
which neceſſary tasks being done, it it found 
that all other inſects hitherto obſerved, and 
ſome a little ſooner, and others a little later, 
periſh. Thoſe for example which imme- 
diately ſhed all their ſperm, diſappear before 
the reſt ; as is plain in the Ephemerus, whoſe 
eggs are arrived at their full perfection from 
the very birth of the parent, and ſo provided 
for by nature, as to render the parent's care 
of them altogether needleſs, whereas other 
inſects muſt live longer, either becauſe the 
maturation of their eggs requires ſome time, 
or becauſe their eggs require a flow hatching. 
J'his is the caſe. with the female of the Bees, 
and ſome other inſects; hence we may very 
probably conclude, that the female of the 
Bees lives longer than the working kinds, as 
it is impoſſible that ſhe ſhould lay all her eggs 
at one time. However, it is not yet ſo certain 
as we might wiſh how long ſhe lives. I be- 
lieve it might be eaſily known by following 
the advice of Clutius, and contriving to make 
her ſo that ſhe could be readily diſtinguiſhed ; 
and the beſt way to do this, would be, I 
imagine, to make a very little puncture in her 
wings, or elſe to cut off ſome inconſiderable 
portion of them with a pair of ſciflors, or 
otherwiſe to ſtain the edges of them with ſome 
oil colour. Thus we might ſoon learn in a 
certain manner, what ſpace of life nature has 
aſſigned to this little creature. 1 am of opi- 


nion that ſhe either dies, or grows barren at 
the age of two years. But it is by no means 
ſo eaſy to try this or any other experiment I 
can think of, upon other Bees, on account of 
their numbers, and our not knowing the 
exact time of their birth. The working Bees 


come into the world at almoſt every ſeaſon of 


the year; and although the young Bees appear 


in greater numbers at the ſwarming ſeaſon ' 


than at any other, yet they are hatched ſome 
earlier than others by one, two, three or four 
months ; for ſome of them do not creep out 
of their eggs, till a long time after the ſwarm- 
ing time; and this I have likewiſe found to 


be the caſe with the males. Add to this, that 


the female is very aſſiduouſly employed in. 
laying her ſo early as the month of 
March, * it neceſſary that ſome of 
them ſhould be hatched ſooner than others; 
and conſequently this renders any judgment 
we ſhould form of the length of their lives 
altogether uncertain; for how is it poſſible, 
where there are ſuch numbers, to diſtinguiſh 
between the old and the young? Certainly no 
one can do this: nor is there any poſſibility 
of alledging any thing certain concerning the 
natural extent of life allowed the male Bees, 
though I believe it ſcarce exceeds fix or eight 
weeks: but I cannot affirm that I am ſup- 
ported in this opinion by any ſufficient ex- 
periments ; and I fancy that if any can be 
made to aſcertain it, they will coſt a great deal 
of time and trouble. Some perſons have aſſured 
me that they have ſeen male Bees alive in 
winter, when the female Bee had not been, 
ſo fruitful as ſhe generally is. Be this as it 
will, I can only ſay, that all theſe things de- 
ſerve to be more attentively examined ; for 
as the male Bees every ſeaſon ſuffer a violent 
death, nothing as yet can be determined con- 
cerning the natural extent of their lives, In 
the mean time, as I have, ſaid I am not againſt 
the opinion of thoſe who ſuppoſe it but fix or 
on weeks. There are ſome obſervations 
which induce me to think it is thus, beſides 
thoſe general laws of nature, by which theſe 
little animals are doomed to die, as ſoon as 
they have executed the commiſſion given them 


by her of propagating their ſpecies; for this 


buſineſs being over, the male Bees become 
altogether uſeleſs. This is plain in the Ephe- 
merus, and likewiſe in the Silkworm Butter- 
fly, which generally dies the third day after 
laying its eggs, unleſs the ſeaſon happens to 
be cool, for then theſe infects will live longer. 
I believe this is owing to a plain cauſe, that 
the vital juices of thoſe little animals who eat 
nothing during their appearance in this form, 
do not exhale ſo readily in cool as in hot 


weather, and conſequently the means of life 


longer remain. 

I have made a collection of about three 
thouſand inſects, ſuch as Butterflies, common 
Flies, Beetles, Locuſts, Caterpillars, Worms, 
Chryſallides, water inſects, and others; amon gſt 
which I muſt not forget to mention ſix kinds 
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of wild Bees *: the firſt of them is that which 
builds its neſt with ſmall ſtones, grains of 
ſand, and clay; and in this reſpect ſo much 
reſembles the Humble Bees, that we may 
indeed reckon it of their number. There 1s 
another ſpecies, Tab. XXVI. fig. iv. of a 
ſingular ſtructure: its head and thorax differ 
ſcarce at all from thoſe of working Bees ; but 
its belly is altogether different, for” this part 
is thick ſet with hairs of a yellowiſh red, fo 
as to look as if it was ſprinkled with ſome 
liquor of that colour ; its laſt ring is armed 
with three ſharp prickles, and there are two 
more points of the ſame kind on the ſecond 
of the rings forming the belly. Its legs are 
covered with yellowiſh hairs, but that which 
grows under the - horns, on the fore part of 
the head, and between the diviſions of the 
breaſt and belly, is almoſt white ; as to the 
length and bulk of the body, it nearly agrees 
with the female of the working Bees, except 
that it is ſomewhat ſhorter. The third ſpe- 
cies, fig. v. is of a thicker and more com- 
pact body, and in ſize and ſtature nearly re- 
ſembles the male of the working Bees, but it 
has ſhorter wings; its head and eyes are form- 
ed in the fame manner with thoſe of the 
working Bee ; but under each antenna there 
is a yellow ſpot, which may ſerve as a mark 
to diſtinguiſh this ſpecies ; beſides, the upper 

art of its trunk is coloured. The breaſt and 
E are covered with gray hairs, and the ex- 
treme joints with pretty long hairs of the ſame 
hue, but ſomewhat darker. The fourth ſpe- 
cies, fig. v1. is remarkable chiefly becauſe its 
antennz or horns are three times thicker and 
four times longer than thoſe of the working 
Bees. Its trunk alſo exceeds that of the work- 
ing Bee in length and thickneſs. Moreover, 
all its back, or the upper part of the thorax, 
and ſome parts of the belly, are adorned with 
bright 1 hairs inclining to yellow. This 
circumſtance, with the extraordinary ſize of 
the horns, is the beſt diſtinguiſhing mark of 
this ſpecies. It is alſo one third larger than 
the working Bee. The fifth ſpecies, fig. vi1. 
is on the other hand ſomewhat leſs, and differs 
in its colour, and the hairs growing on its 
limbs, from all other Bees. The hairs of its 
breaſt and legs are of a deep gold colour, and 
the two upper joints of its binder legs, which 
are likewiſe the largeſt, are quite covered with 
hairs of the ſame kind and colour, but much 
longer ; whereas there is no hairs at all on 
the lower joints. The extreme borders of 
the rings that conſtitute the belly are alſo 


adorned with the fame kind of hairs, only 


that they are of a fleſh colour, and much 
ſhorter. The ſixth ſpecies, Tab. XXV. fig. 
x. is ſomewhat leſs than the working Bee; 
the hairs of its head and breaſt are of a more 
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dusky colour than thoſe of the Bees before 
deſcribed. - On the other hand, its belly con- 
ſiſts of blackiſh rings of a ſubſtance between 
bone and horn, and ſtreaked on each fide 
with little lines at ſome diſtance from each 
other. The coverings of the legs, which are 
of the ſame ſubſtance with the rings of the 
belly, are yellow, and the legs themſelves are 
thicker than thoſe of working Bees or Waſps, 
which makes me imagine that this little 
creature is provided by nature with no ſmall 
degree of ſtrength. All theſe ſix ſpecies of 
inſects agree with the three other kinds men- 
tioned before, in this, that they have all ſix 
legs, four wings, and two antennæ or horns, 
and are divided into the head, thorax, and 
body. There appear alſo in ſome of the ſpecies 
three ſmall and ſeparate eyes, beſides the two 
great ones. The fix laſt ſpecies are very ſel- 
dom found in ſwarms together ; they generally 
ramble alone and by themſelves, which makes 
it probable that they do not dwell together 
like working Bees. They are ſeldom found 
in the fields, but often in flower gardens, 
where the flowers ſupply them with honey. 
As to their gathering of wax, ſome appear 
quite unfit for that task, on account of the 
great quantity of hairs that grow on their 
egs. | 
I preſerve alſo two kinds of Hornets, of 
difterent fizes, which I therefore diſtinguiſh 
by the names of the greater and leſſer Hornet. 
They are eight times as large as the working 
Bee, and reſemble it much leſs than they do 
the Waſp. They have four wings, fig. 1x. 
aa; the outer pair are fixed to the ſhoul- 
der-blades, of three times a greater extent 
than the inner ones. They have alſo fix 
legs joined to the fore part of the breaſt, 
and the extreme joints are armed with two 
ſharp claws 6 6, The head c is ſome- 
what oblong, eſpecially when the teeth or 
Jaws lie cloſe together. The eyes are formed 
like a creſcent, and above in the interval be- 
tween them there are three ſeparate ſmall eyes, 
under which there are two horns. The Hor- 
nets have likewiſe two very ſtrong teeth or 
jaws, divided into a great many very ſmall 
ones, and between the two principal teeth 
they carry a very ſhort trunk. The body is 
Joined 'to the breaſt, which is pretty broad, 
by means of a very ſlender thread as it were, 
and conſiſts of fix pretty ſtout rings of a ſub- 
ſtance between bone and horn. Theſe are 
yellow at the edges, but red on the upper 
part, and equally marked with dark brown 
furrows, from which on each fide run eight 
ſpots formed as it were by the ſprinkling of a 
brown liquid, but on the ſecond and third 
ring, reckoning from the head, there appears 
a ninth ſpot, ſo as to form ſomething like a 


* Beſides the addition careleſs authors have made to the Bee kind, by ranking two winged Flies among the number, we have 
eleven diſtinct ſpecies in England. Mr. Ray, who was indefatigable in theſe reſearches, counts nine; and fince this two others 
have been found. They are very ſmall, one is black entirely, the other black and red on the body: they make regular combs, 
and are found principally in the weſt of England. They build in cracks of rocks, in walls, or in very dry banks of earth. 


triangle. 
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triangle. The head, breaſt, and legs, are al- 
moſt of the ſame colour, and they are covered 
with very delicate hairs. The ſting is pro- 


duced from the opening of the lower ring, 


b. XXVI. fig. 1x. d. 
107 the Walt kind I preſerve nine different 


kinds, amongſt them is that which I found 
in the neſt I have already mentioned, as made 
by the Bees that uſe little ſtones for that pur- 
poſe. The greateſt difference that occurs be- 
tween the various kinds of Waſps, conſiſts 
chiefly in ſize and colour, though in one or 
two kinds there is beſides a great diſagree- 
ment in their ſtructure. But I ſhall not dwell 
long upon theſe particulars. - The larger kind 
of Waſp is above three times as big as the 
working Bee, and has like them and Hornets, 
ſix legs, a proboſcis, two eyes, two horns, 
and four wings. The body of Waſps, as well 
as Hornets, converges to a point, and is 
ſhaped in the ſame manner with that of the 
particular Bee which vulgarly goes by the 
name of the king Bee. The rings of the 
body are variegated with blackiſh ſpots, and 
circular furrows upon a yellow ground. . This 
general deſcription will, I hope, be ſufficient 
to ſhew what kind of an inſect the Waſp is. 
That repreſented in fig. vi. is ſomewhat leſs 
than the largeſt ſpecies of all. Under it is to 
be ſeen another of a very ſingular ſtructure, 
Ig. . 
| a have beſides theſe cight kinds of Humble 
Bees or Bombylii, which differ from each 
other in fize and colour. One kind has its 
body exceeding black, and is furniſhed with 
moſt beautiful wings of a colour between 
azure and purple. The largeſt kind is ſeven 
times as big as the largeſt working Bee ; and 
this has a pretty long trunk. Its legs notwith- 
ſtanding are ſmall in proportion to its ſize. 
The head is ſomewhat oblong : the eyes are 
formed like a creſcent, and the horns lie di- 
rely between them. The breaſt is ve 
broad, and it is covered thick with inch 
hairs; from the bottom of it ſpring fix hairy 
legs, which if compared with. the body, are 
very ſhort, and from the upper part of it riſe 
four wings; the inner pair very ſmall. The 
belly is very broad and hairy, and ſomewhat 
pointed on the lower part. The hairs that 
grow thus on the belly, are placed principally 
near the rings of it, and they are of a preat 
variety of colours, as white, yellow, red, black, 
and others in ſome kinds; whereas in other 
ſpecies they are only of two. The Humble 
Bee, or Bombylius, of which I here give a 
drawing, Tab. XXVI. fig. x11. is of a mid- 
dle ſize. 

Of the Pſeudoſphecæ Ichneumon, or baſtard 
Waſps, I have by me twenty-five kinds. 


Some of the Bees breeds with us in the free air, 


or other leaves; and there is ſomething very extraordinary in the manner of their hatching. The c 
paſſage of one another, and it would be thought the young creature in the hindermoſt muſt eat all the 
for they are built in ſucceſſion after it: but though the whole 
hatch together ; the 


young as ſoon as the 
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1 laid lateſt having obtained à forwardneſs in the body of the feinale, which make them difclole their 
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Theſe differ from each other in ſize, colour, 
and ſtructure. I refer them to the Waſps 
merely on account of the external reſemblance 
which ſome of them have to real Waſps, 
from which, however, in generation and diſ- 
poſition they widely differ: moſt of theſe pro- 
ceed from a Chryſalis, after having lived 
ſome time in the form of a Worm. Theſe 
alterations are performed in a very ſurpriſing 
manner; and as that from a Nymph to a 
Waſp takes up three or four weeks, the ſeve- 
ral gradations of it in point of colour, growth, 
and expanſion of members may be very accu- 
rately traced. Some of theſe baſtard Waſps 
which I preſerve in my collection, prey upon 
Flies; others upon Spiders, whoſe legs they 
break to pieces and then devour them. There 
Is likewits amongſt them the Fly called Uni- 
ſata, or one briſtled, having one hair at its 
tail, and that which is diſtinguiſhed by the 
name of Tripilis or three-haired, fig. xIII. 
for theſe Flies are all baſtard Waſps: I can- 
not now treat particularly of them, as it would 
require a large volume. For the ſame reaſon 
I omit ſpeaking in this place of the diſpoſition, 
nature, method of propagation, and ſtructure 
of Hornets, Humble Bees, or Bombylii, and of 
the true Waſps; nor do I chooſe to fay any 
thing of the inſects called Veſpatz or ſhort 
Waſps, their building, houſes, and other re- 
markable particulars, of which I have ſome 
ſpecimens. I am poſſeſſed of a moſt curious 
Hornet's neſt, fig. xiv. and xv. as likewiſe of 
the male and female Hornet, the Worm from 
which they originally proceed, the web in 
which this Worm 1s encloſed, the exuviz it 
caſts off on becoming a Nymph, and all the 
excrements it voids, together with the internal 
coat of the ſtomach. and inteſtines. I can 
likewiſe ſhew the Nymphs of Hornets at 
various periods of their changes, and the 
rudiments of thoſe new colours which they 
by flow degrees attain. As to the internal 
parts of Hornets, I have the membranaceous 
net-work of a ſtomach of one, ſome pulmo- 
nary tubes, one of the ſilk or ſpinning bags, 
and a ſpinal marrow. 

In my collection alſo are various kinds of 
Flies ſo like Bees, that ſome authors have 
calted them by that name. Such is Goedaert 
and J. de May's Bee, which has only two 
wings. This is a ſufficient mark to diſtinguiſh 
theſe inſets from each other, though there 
are ſome Flies that have two pair of wings. 
Such 1s one in my muſeum, which is very 
beautiful, furniſhed with tufted antennæ, and 
in other reſpects like a Bee, only that it is 
a great deal larger. What is moſt ſingular 
in this Fly, is its proceeding originally from 
a water inſect, But as I have already ſaid an 


not in a hive or comb. The young are bred up in the caſes of the lilac 


ells ſeem to cloſe up the 


reſt to pieces to get out, 
caſe of cells be the work of many days, the young all 


entire 
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entire volume would be requiſite to deſcribe 
all theſe particulars ; for Which reaſon I ſhall 
here make an end of this treatiſe upon Bees. 
Certainly the nature, diſpoſition, and ſtructure 
of theſe inſets are ſo ſurprifing, that they 


without ceaſing loudly proclaim God's good- 


neſs, wiſdom, power, and majeſty ; and indeed 
all other animals, according to their ſeveral 
ranks, do him honour in the ſame manner, 
and conſtitute in the air, the water, and upon 
the earth, ſo many inſtruments and voices to 


publiſh his praiſes. I will join the univerſal 
choir, and ſay with the four and twenty elders 
in the Apocalypſe, * Thou art worthy, O 
« Lord, to receive glory, and honour, and 
« power; for thou haſt created all things, and 
ce or thy pleaſure they are and were created.” 
I ſhall conclude this long eſſay upon Bees with 
the words of the royal Pſalmiſt. BN 


e Praiſe him all ye angels of his; praiſe 
« him all his hoſt.” a Pſal. 2 


Some peculiar obſervations relating to the hiſtory of Bees. 


A deſcription of a hive opened the tenth of March, with an account of the number 
of cells it contained. 


N the tenth of March laſt I opened a 
hive *, in which a young ſwarm of 
Bees had been ſettled during the month of 
June, the preceding year, but they all died 
in the intervening February for want of 
honey. I examined the cells built from the 
month of June till the winter ſeafon, that is in 
the ſpace of about four months, and counting 
them one by one, I found them to amount to 
22,574 ; and the whole of this prodigious 
number was only of that kind of cells, in 
which the working Bees are hatched and 
nurſed, or the honey and Bee-bread is ſtored 
up. Thoſe in which Bees had been already 
hatched, amounted to 7814 ; for it was very 
caſy to diſtinguiſh them certainly from the 
others, by means of the skins and webs found 
in them, ſuch things being always left behind 
by Bees that have been hatched. All the 
other cells were formed for keeping honey, 
and the other cells are made to anſwer the ſame 
purpoſe, as ſoon as the young Bees contained 
in them have acquired wings to * abroad. 

It appeared likewiſe that all theſe cells were 
contained in nine combs, as they are generally 
termed, or nine portions of the whole wooden 
ſtructure, and theſe portions were large, ob- 
long ; of difterent forms, ſome diverging equally, 
others running out into two, three, or four 
angles. 'This variety in the figures of the combs 
is owing to ſome of them being built alone 
by themſelves, and others cloſe to each other ; 
or to the neceſſity the Bees were under of 
keeping clear of the ſticks placed acroſs the 
hive to ſupport the wax, for this occaſions 
them to make their combs ſometimes of a 
triangular, and ſometimes of other forms. 
Nor can we perceive, that in this buſineſs the 
Bees obſerve any certain rule or order, ſince 
the figure of the cells themſelves does not 
ſuffer by this liberty they give themſelves. 


Many of the little cells in which the honey 
was ſtored up, were twice as long as thoſe 
intended for neſts and nurſeries, and were 
alſo irregularly built, crooked, and full of 
angles. Even the ſides of the hexagonal cells 
did not every where exactly correſpond with 
one another, but here and there might be ſeen 
a gap large enough to contain a pin's head, 
a thing never to be met with in a truly regular 
comb. 

All the half combs of cells on one fide of 
the perpendicular foundation, which runs 
through the middle of them, and againſt which 
the cells are horizontally placed, were built 
full one half as long again as thoſe on the 
other ſide. There appeared here alſo many 
other irregularities, not to be feen in the 
cells that had ſerved the purpoſe of hatch- 
ing, ſuch of them at leaſt as had been quite 
finiſhed, | 

From this prodigious number of cells, built 
between June and September, or October, we 
may entertain ſome idea of the great number 
of thoſe that the Bees conſtruct from the 
month of March to the June or July of the 
following year. I believe they may amount to 
50,000, as this is the time for ſupplying with 
cells the male, female, and working Bees : 
but as yet I have not counted them. 

A perſon fond of Bees, and whoſe account 
I could credit, once told me that he had a 
hive placed upon the bare ground, and ex- 
ceedingly well ſtocked with Bees, inſomuch 
that to make room for their combs, they had 
hollowed out the earth under their hive, ex- 
tended their conſtructions very deep into 
this hollow, and thereby encreaſed their 
numbers to a prodigious degree. But this 
is oftener practiſed by Waſps and Hornets, 
as theſe inſects naturally make their neſts 
under ground. | 


* The danger of being ſtung by Bees may be in a great meaſure prevented by a quiet and compoſed deportment; and even when 
they have given the wound, the ſame ſedateneſs is the beſt conduct. A thouſand Bees will fly and buz about a perſon without 
hurting him, if he ſtand perfectly ſtill, and let them alone: but if he ftrike at them, probably he will be ſtung. If this happens, he 
mould ſuffer the Bee to reſt upon his fleſh in quiet: if it be let alone it will draw out the ſting, and the conſequences will be leſs 
troubleſome , but if diſturbed, the ſting is left in, and the wound is much the worſe. „ 
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A hive opened the upd P 


with a 


the beginning of June T bought ahive 
Fu Bees, it AN. ſwarm the 14th o 
the ſame month. I received the young Bees in 
another hive, and put this hive in water the 
day following, with all its new inhabitants. By 
this means yu the ſwarm conſiſted of 
one female, four males, 'and 2433 working 
Bees, who had not made any wax fince they 
ſwarmed. | 
The 16th of the ſame month, I likewiſe 
drowned in the ſame manner the Bees that re- 
mained in the original hive, from which other- 
wiſe a ſecond, and even a third, ſwarm might 
have been expected. In this hive I found one 
female, 693 males, and 8494 working Bees. 
While I was employed in counting them, I 
let the water run off from the hive, that I might 
afterwards ſatisfy my curioſity in aſcertaining 
the number of theic cells, but I found the 
amount ſo great, eſpecially that of the cells 
belonging to the working Bees, that I thought 
proper to deſiſt, for fear of loſing the opportu- 
nity of making ſome other obſervations, that 
I imagined better deſerved my attention. 
I therefore reckoned with great care and 
exactneſs the little dwellings of the female 
Bees, and found nineteen of them as yet 
building, but ſome a little more forward than 
others. There were belides fifteen more, in ſhape 
reſembling a pear, and quite finiſhed, which 
were all cloſed up with wax, and curiouſly 
diſpoſed on the edges of the combs. Some of 
them ſtood by themſelves, others lay cloſe. to 
each other, three, four, or five together. Others 
again were built quite cloſe to the cells of the 
male Bees; ſome were ſituated obliquely; others 
Horizontally, ſo as to reſemble a beer glaſs lying 
on its fide; and, in the ſame manner, all the 
cells of both males and working Bees. Some 
on the other hand were built in an inverſe 
poſition, with their openings looking down- 
wards, as the cells of Hornets are generally 
found. Finally, I diſcovered the cell of a 
female eat through on the fore part, being that 
out of which the young queen Bee had eſcaped 
that led the ſwarm of the 14th of June. 

In nine of the cells belonging to the females, 
which I found cloſed up as juſt now mentioned, 
there were as many female Bees arrived at their 
full fize, and furniſhed with wings ready ex- 
panded; and ſome of them were till alive. 
Some of theſe females were quite gray, and 
others of a ſomewhat darker colour, according 
to the time that had elapſed ſince they had 
changed their ſkins, and that which they were 
{till to continue within the cell. Not one of 
them had as yet attempted to open itſelf a 
paſſage to fly abroad. | 
In the other five of the covered and cloſed 
up cells belonging to the females, I found as 
many Nymphs of females. One of theſe five 
cclls contained a Nymph, which already begun 


f point of 2 
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June, the number of Bees and Nymphs found in it, 
deſcription of many other fngilaritigs gor as yet known: 
| | By F Fat | | 


to grow gray on the back, and was upon the 
vine off its old skin; but in the 
other four, Nymphs there was no appearance of 
this colour, they being as it were ſtill in their 
infancy, and for the moſt part reſembling in 
whiteneſs the curds of milk. The eyes alone 
had by degrees acquired a watry purpliſh colour, 
and the ſame might be obſerved of the three 
diſtinct ſmaller eyes, which are more conſpi- 
cuouſly perceivable in the inſet, while it re- 
mains in this ſtate, than afterwards when grown 
to its full perfection. | 

Under the belly and tail of theſe Nog ne 
I found the exuvie and air tubes that had 
dropped from them, on their exchanging the 
form of Worms for that of Nymphs. I could 
alſo perceive the remains of their food, which 
on pouring water upon it looked like ſoft ſtarch, 
or gum tragacanth, beginning to ſwell ; it was 
of the colour of pure amber, and of a ſome- 
what ſubacid flavour. | | 

In the upper part, under the wax with which 
theſe fourteen cells were cloſed up, I could 
diſcern the web which the Nymphs ſpread in 
that part, while they continue in the form of 
Worms. The upper web was very ſtrong, and 
made of diſtinct threads, but in the lower 
part of the cell it looked like a membrane; 
for at the time theſe Worms labour to ſhut up 
their cells with ſuch webs, they are obliged to 
move their bodies in every direction, and there- 
by rub their food, and perhaps too their ex- 
crements alſo againſt their work, ſo as to fill 
the intervals between the threads that cpmpoſe 
it with a kind of glue, and thereby reduce its 
ſurface to an evenneſs like that of a natural 
membrane, 

I opened beſides all the cloſed up and co- 
vered cells of the males; many of theſe cells 
were ſituated near thoſe belonging to the work- 
ing Bees, and contained in a ſingle comb, 
hanging at the bottom of the hive. 'The reſt of 
the male's cells were built in the midſt of thoſe 


of the working Bees, with common par 


walls or partitions. Of theſe cloſed up cells 
belonging to the males, I reckoned in all 858, 
In 234 of them 1 found as many Worms, 
which had not as yet changed to Nymphs, but 
ſome of them were nearer that period than 
others. In 146 cells there was the ſame num- 
ber of milk-white Nymphs, which had but 
juſt thrown off their ſins. In 44 more cells 
the eyes of the Nymphs were juſt beginning to 
acquire a watery and light purpliſh colour. In 
414 other cells I found as many Nymphs, 
whoſe eyes were of a deep purple. And laſtly, 
in the 20 remaining cells there were Nymphs 
juſt upon the point of ſhedding their skins, and 
appearing in the form of male Bees: the gray 
and hairy members of the young males appeared 
plainly in theſe, through the tranſparent mem- 
brane which ſtill encloſed them. 


Ooo After 
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| After this reckoned all che othgr male cells, 
and found them to amount to 1 508, of which 
720 were.entirely empty, the male Bees ſome- 
time before —_— -u = up in . 
© having taken their flight; more were not 
1 Jet perfected” nor had. begp uſed for hatch- 
ing; 520 of the ſame cells, in which alſo no 
| Worm had been yet hatched, were full of the 
pureſt virgin honey. I counted beſides all theſe 
1701 empty ablong cells, which, though con- 
fiderably bigger than the male cells, were not 
unlike them : neither had any hatching been 
performed In theſe, their form not being re- 
gular enough for that operation ; therefore they 
ould only ſerve to lay up honey. This circum- 
france likewiſe makes me imagine that theſe ob- 
long cells ate. not to be looked upon as male 
cells, but to be reckoned amongſt the ſtore 
houſes which the Bees build for their winter 
roviſions ; for we find they make cells of the 
Pome oblong form, put like the cells of the 
working Bees, to anſwer that purpoſe, 
The number of cloſed up cells belonging to 
the working Bees amounted to 6468, and 
in all of theſe I found Nymphs under the fame 
variety of circumſtances with thoſe which I 
had found in the male cells. It is therefore 
eedleſs to waſte words in explaining their 
Jifferent appearances, nor had I leiſure to count 
the numbers at every period of growth and __ 
towards their perfection: beſides ſome of theſe 
Nymphs began to have a very diſagreeable ſmell. 
I reckoned allo 210 cells full of Bees-bread, 
which was alſo heaped up here and there in the 
combs of the warhong Bees, in particular cells 
diſpoſed between thoſe which had Nymphs in 
them, or which were full of honey, but none 
of theſe bread-cells were cloſed up. 

As to the remaining cells, thoſe newly built, 
as well as the empty ones, in which Bees 
had been hatched, and thoſe conſtructed the 
year before as ſtore-houſes for honey, or nur- 
ſeries, I had not time to count their prodi- 
gious numbers. Neither did I count the cloſed 
cells, which were diſpoſed in the upper part 
of the hive, and were now 7 to burſt 
with honey. But my curioſity led me to 
weigh the honey itſelf, and I found it amounted 
to ſeven pounds, | 

In all this hive I did not meet with a ſingle 
egg, nor with any Worms, but ſuch as were 
full grown; ſo that by this time the working 
Bees muſt have got over the heavieſt part of 
their yearly labour, for there was no longer 
any neceſſity for building cells, or nurſing of 
young Bees, nothing more remained but the 
agreeable task of gathering honey for the 
ſupport of themſelves, and of the males and 
females, and making preparation for the 
ſecond, third, and fourth ſwarm, which I 
could eaſily ſee were to be produced from the 
different ſtages in which the Nymphs of the 
the future queens appeared, and from the 
different periods at which it was of conſe- 
quence neceſſary theſe thould make their ap- 
pearance abroad. This induces me to believe, 


« 
— 


that the old females continue, even during the 
intervals of ſwarming, their labours ſor the 


propagation of the ſpecies, as I have already 
Were 15 2 re opened on -4 


22d of Auguſt. os „ nnd yy 
Many of the —— Bees belonging to 
this original hive were ſtill of à grayiſh'colour, 
which is a certain proof that have not 
been long out of their cells. Nor did I obſerve 
one amongſt them that had loſt its Wings; 
whereas ſuch crippled Bees are frequently 
ſeen in ſpring or autumn. This circumſtance 
makes it probable, that moſt of the laſt year's 
male Bees had been taken off by a violent or 
natural death, and ſułteeded by a new gene- 
ration. Nor need this opinion appear impro- 
bable to any, for if on the 140 of June 1 
could count 6468 Nymphs in one hive, and 
2433 Bees in one ſwarm, we may eafil 
gueſs what a prodigious number of Bees m 
be produced in the interval of time between 
March and June, and that between June and 
September ; no doubt a multitude ſufficient to 
ſupply a hive with a number of new inhabi- 
tants, three times greater than that of thoſe 
which had poſſeſſed it the preceding year, or 
ſummer months, ſuppoſing them all to haye 
unfortunately periſhed : the queen alone ſur- 
vives a longer time, though I can ſcarce be- 
lieve her life is of above two or three years. 

As by what I have here obſerved, it plainly 
appears, that fifteen young female Bees had 
been produced in one hive, and in the ſpace 
of time required for one ſwarming ; and as 
experience informs us that Bees ſeldom ſwarm 
in this country above three or four times, and 
that after the laſt ſwarm they kill their queens, 
which are then no longer of any uſe, we may 
conclude that at this time the old and impo- 
tent queen undergoes this fate, and is ſucceed- 
ed by a young one, better able to propagate 
the ſpecies. This opinion indeed ſtands in need 
of more experiments to confirm it,and ſuch ex- 
periments may be eafily made by any one who 
is willing to ſacrifice a few hives to his curioſity, 

It is ſurpriſing how tenacious of life Bees 
are ; after the hive and all its inhabitants had, 
in conſequence of my orders, been kept under 
water for a conſiderable time, and I had begun 
to count them, as if they were pefectly ſuffo- 
cated, they began by degrees to recover life, 
as it were, and fly about the hive, fo that I 
found myſelf under the neceſſity of cms 
them to be again put under water, and thoug 
I had reaſon to think none of them could 
outlive this ſecond ſubmerſion, yet there ap- 
peared many after it with ſigns of life, and 
ſome of them recovered themſelves ſo well as 
to live after this three days and two nights 
without eating. 

That I may now exhibit at one view every 
thing, that I obſerved in the original hive, 
and in the ſwarm produced by it, and that 
the ſum of both Bees and Nymphs added to- 
germer may be more diſtin&tly known, I ſhall 
ubjoin the following account : | 
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Ono full grown queen in the farm, 1 
One full grown queen in the original 
ern e 


Full grown desen thgcloſed up cells, 1 9 
Full grown working Bees in „ 
wurm, Fe f N 71 433 
Full grown working Bees in the origt- | 
nal hive, a 5494 
Full grown males in the warm. ** 
Full grown males in the original hive, 693 
Nymphs of queens $ 
Nymphs and Worms of working Bees, 646 
Nymphs and Worms of males, 858 
Theſe numbers added · together make 18966 


for the total number of all theſe little animals 
contained in a fingle hive before it ſwarmed ; 


235 
at which time 2438 of them iſſued forth in 
ſearch of a new habitation. >: 
The number of cells, the old and new 
built ones, thoſe which were ſhut up and con- 
tained Nymphs; the empty cells, and thoſe 
of working Bees full of honey *, or Bee's 
bread, all excepted, was as follows: | 
Cells of queens begun or finiſhed 34 
Cells of Wales ſhut up, empty, and f 
thoſe which, after the Bees had 
left them, were filled with honey, 2366 
In all 2400 
Do not all theſe particulars diſplay in a ſur- 
priſing manner the inſtinct, diligence, and dex- 
terity, which it has pleaſed the all- powerful 
Creator to beſtow on theſe little inſects? 


An account of ſeveral wonderful particularities diſcovered on opening a hive, that 
Bad @ few days before received a young ſwarm. 


JJ APPENING to be in the country on 
11 the 2;thof July, I obſerved a great ſwarm 
of Bees, which, on its hanging to an Elm, I 
ordered to be received into a hive ; but in a 
little time they all left this new habitation, and 
fled back to the elm, where they hung en- 
tangled by each others legs. The female Bee 
had not dropt into the hive with the others : 
I was therefore obliged to have recourſe to 
another ſhaking ; when having brought the 
female into the hive, all the reſt ſoon fol- 
lowed. : 

On the 26th of July the weather was tole- 
rably good, with a bright ſunſhine ; the 27th 


cloudy ; the 28th and 29th rainy: on the 3zoth 


on examining the hive, I found at the bottom 
of it upon the ground where it ſtood, a piece 
of a honey-comb, which had fallen thither, 
either becauſe it had not been gn, enough 
faſtened to the of the hive, or becauſe too 
many Bees had lighted upon it at one time. 
This piece of a comb contained 418 cells of 
for the working Bees, ſome were building, 
and others were finiſhed, and there were alſo 
ten eggs ſticking to the wax by one of their 
ends. All the forenoon of the 3 1ſt it was rainy 
and about . midday very cloudy and windy, 
with ſome rain. In the evening I ordered the 
hive to be taken into my chamber, in order to 
examine what the Bees had done in the ſpace 
of theſe fix days. 

But as I was afraid of being ſtung in this 
enterprize, I reſolved to have all the Bees 
killed before I went to handle or inſpect them, 
for this reaſon I fumigated them with a bundle 
of lighted matches rolled up in linen rags, to 
ſuch a thickneſs, that it would juſt fit in the 
upper opening of the hive. All my endea- 
yours to kill theſe Bees this way were however 
to no purpoſe ; for after plying them with this 
fume, from eight o' clock to eleven, lighting 
the matches from time to time, as they went 


out, the Bees continued alive; but they ſeemed 
grievouſly complaining of, and reſenting the 
injury offered them, with the moſt horrid noiſe 
and loudeſt buzzings. 

The next morning all was quiet again, fo 
I removed the hive, at the bottom of which 
I found ſome hundreds of Bees ine dead 
upon the ground; but the greateſt part of 
them were ſtill alive, and ſome of them were 
beginning to fly away. I therefore reſolved 
to fumigate the hive a ſecond time, and I gave 
its inhabitants liberty to eſcape while it was 
doing. For fear of being ſtung on this occa- 
on, I took a half pint bottle, and having 
rolled ſome ſoft paper about the neck of it, 
thruſt it into the opening of the hive, taking 
care afterwards to ſtop all gaps between the 
door or opening of the hive, and the neck of 
the bottle with more paper of the ſame kind. 
As ſoon. as. the- ſulphureous vapour began to 
fill the hive, the Bees in the greateſt hurry 
and . confuſion and with the moſt dreadful 
buzzing, ruſhed to the number of 1898 in a 
manner all at once into the bottle, which I 
then removed to ſubſtitute another in its place ; 
and by repeating the operation in this manner, 
I at laſt fo thoroughly accompliſhed my pur- 
poſe, that not the leaſt noiſe could be heard in 
the hive. . 

Having then turned the hive upſide down, 
I found the queen lying dead, in appearance, 
upon the ground, and ſome of the others which 
had fallen upon the ground, killed downright 
and wet all over ; whilſt ſome other Bees that 
had remained in the upper part of the hive, 
were quite dry, and when put into the bottles 
flew about as briskly as if they had not re- 
ceived the leaſt harm, 

I next poured ſome water upon the priſoners 
I had in the bottle; by this means they were 
all drowned in a very ſhort time. I then made 
my examination, and found the ſwarm con- 


* Maroldi, by the moſt careful examination, and on the reſult of the ſtricteſt calculation, has proved that the pyramidal figure of 


the bottom of the cell in a honey-comb is determinately and exactly that, in which the ſubſtance of the cell takes up the 


and the ſpace contains the greateſt viſible quantity of honey. 


room, 


faſted 


one fema 
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fiſted'of 5669 Bees, and was therefore a very 

one, according to the judgment I had 
formed of it on its firſt appearance. Neyer- 
theleſs, as the ſeaſon was-very far advanced, 


and the ſpot the Bees lighted upon very ill ry 
furniſhed with materials for making honey, 


I thought it worth while to facrifice them to 
the curioſity I had of knowing What work 
ſuch a number could perform in ſo ſhort a 
time, and withal in ſo unfavourable weather. 

Among this great multitude, there was but 

2 Bee. The greateſt number of them 
were working Bees, which are neither males 
nor females; and there were beſides theſe and 
the female Bee already mentioned, only 3 
male Bees, prepoſterouſly called by the vul- 
gar hatching Bees; for the young Bees are 

atched by the mere heat of the ſummer, and 
that which is cauſed by the perpetual hurry and 
motion of the old Bees flying about, or work- 
ing in the hive. It is very remarkable that the 
bottle into which the firſt 1898 Bees driven 
out of the hive had been received, was 
thoroughly heated by the perpetual motion of 
theſe impriſoned creatures, and the warm va- 
pours which exhaled from their bodies. 

The number of waxen cells begut: and 
Aniſhed, including thoſe of the comb I had 
found on the ground on my firſt examining the 
hive, amounted to 3392: they were all of 
the ſame ſize and form, aid were intended 
only for neſts to hatch the working Bees. In 
236 of the cells ſome honey had been ſtored 
up, but it had been afterwards made uſe of, 
as very little could be then gathered abroad. 
It was no difficult matter to diſtinguiſh the 
cells thus made uſe of from the others, for 
they had received a yellow tincture from the 
honey depoſited in them; whereas thoſe which 
had not as yet been employed this way were 
of a ſhining white. 

There were alſo 62 of theſe cells, in which 
the Bees had already begun to lay up their 
ordinary food or. bread called erithace. This 
ſubſtance was of a changeable colour, between 
a yellow and a purpliſh red ; but perhaps this 
tinge might be owing to the fumigation: the 
whiteneſs of the unemployed wax was in 
ſome parts alſo impaired by the ſame means; 
coloured and covered beſides with black ſpots, 

In 35 cells I found as many eggs fixed 
in them at one end, ſo that including the 
eggs found in the comb, which had fallen to 
the ground as already mentioned, there were 
45 eggs in all. There were beſides in 150 
of the cells ſo many new hatched Worms, 
but theſe lay almoſt inſenſible and motionleſs. 
They were of different fizes, the largeſt of 
them being very like that repreſented under 


the letter c, fig. x11, Tab. XXIII. All theſe 


Worms were ſurrounded with that kind of 
food, which the moſt expert obſervers of 
Bees think is honey thrown up by the old 
ones, out of their ſtomachs. This kind of 
honey is white, like a ſolution of gum traga- 
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fixed to a plain ceiling by a ſmall part of its 


* 


canth, or ſtarch diſſolved in water, and ig ala 
moſt inſipid: it ſhews nothing remarkable on 
being viewed with the microſcope. In the 
Worms themſelves I could pereeive pulmona- 
tubes of a ſilver whiteneſs running 

beautifully on each fide through their little 
tranſparent bodies, 31346 e H Ui 
I examined attentively the wax cemented 
by way of foundation to the top of the hive, 
but I could find no difference between that 
and the other wax of which the cells conſiſt. 
They appear both to have the ſame nature 
and properties. I could not, however, but ad- 
mire this ſtrong union or faſtening ; this ſub- 
ſtance being juſt ſpread upon the hive like a 
cruſt, and conſequently faſtened to it by 2 
very ſmall portion of its ſurface; whereas the 
reſt of the wax hung perpendicularly from 
this foundation, without any lateral or other 
ſupport whatſoever, as if a wooden bowl were 


circumference. 

This hive contained the rudiments of 3 
great many more ſuch combs of wax, of an 
oval form, and full of cells on each fide: the 
empty ſpaces left between the combs, for the 
Bees to paſs and repaſs, did not exceed half 
an inch in breadth, fo that it is plain the 
comb I found open upon the Meese and in 
which I reckoned 418 cells, had been torn 
from its foundation by its own weight, and 
that of the Bees walking upon it. Hence it 
appears, with what good reaſon thoſe who 
keep Bees, place ſticks croſsways in their 
hives, that the combs may have the more 
ſupport ; and accordingly we obſerve that in 
theſe hives, the Bees themſelves on each 
fide ſuſpend their combs to theſe ſticks; 

Conſidering the great multitude of Bees 
employed in building the waxen cells, which 
I have been juſt examining, there is no great 
reaſon to be ſurpriſed at their having done fo 
much work that way, though the time they 
had to do it in was ſo ſhort, and the weather 
ſo unfavourable. But it is really aſtoniſhing to 
think how a ſingle female could lay fo many 
eggs in the ſame ſmall interval, and withal 
depoſit every egg in a ſeparate cell, and there 
firmly faſten it. We muſt alſo allow ſome 
time for laying the perpendicular foundations. 
It is, moreover, very ſurpriſing how theſe eggs 
ſhould fo ſpeedily turn to Worms, and how 
thoſe Worms ſhould grow fo very ſuddenly 
to their ſtate of change. But I muſt now 
conclude, and I ſhall do it with the following 
account of what the hiye_I have been de- 
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ſcribing contained. 
33 males. „ 
1 female. \ 
5635 working Bees. runs 
3392 waxcells, for the uſe of the working Bees. 
45 Ogg. 
150 Worms. 
62 cells containing Bees bread. 
236 cells in which honey had been laid up. 
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A catalogue of the inſets, which are referred to the ſecond method of the third 
order or claſs of natural changes, called the Chryſalis. 


Now proceed to deſcribe thoſe inſets 
which belong to the third order, as the 
preceding; but which preſent their ſeveral 
parts leſs conſpicuouſly. For this reaſon, 
T judged that the preſent order of tranſmuta- 
tions might be properly divided into two kinds 
or modes; though the one of them differ from 
the other only, as the ſchoolmen ſay, by acci- 
dent. 

Among thoſe inſets, which paſs through the 
ſecond method of the third order or claſs of 
transformations, and by force of the increaſing 
and ſwelling limbs, and other parts, by which 
the ſkin is at length torn er burſt open, aſſume 
the form of a Chryſalis, which exhibits to view 
all its parts, though more obſcurely than they 
are ſeen in the Nymph; I reckon, in the firſt 
place, the diurnal or day Butterflies *, which 
are called Ulinders and Pennevogels by the 
Hollanders ; and are diſtinguiſhed alſo by two 
or three peculiar names of Albuli (Witkens), 
Papiliones Butyracei (Botercapellen), and Cer- 
donus (Schoenlappers). | 

Of theſe diurnal or day Flies, ſome are heavy 
and flow, others lively and ſwift ; ſo that they 
cut the air, and move various ways. I pre- 
ſerve in my collection eighty-five ſpecies of 
thoſe; among which, there are thirty-four 
foreign ones from Africa, America, Braſil, 
Spain, France, and elſewhere. 

Among the day Butterflies beforementioned, 
there are twenty-two very large ones, thirty- 
three middle-fized ones, and thirty very ſmall. 

I preſerve alſo ſome of their Worms or Ca- 
terpillars, ſeveral of their Chryſallides, and ſome 


of their Worms, which are partly Caterpillars, 
and partly Chryſallides. I can demonſtrate, in 
the ſtate of nature, in what manner the Butter- 
flies are placed within their laſt ſkin ; in which, 
when encloſed, we call them Chryſallides; and 
their parts, though ſtill very minute, may be 
* diſtinguiſhed by their reſpective colours. 

can ſhew how their wings begin to grow 
protuberant, after caſting this ſkin. I likewiſe 
preſerve ſeparate the claws, inteſtines, ſto- 
mach, and trunk of the Butterflies. I can 
likewiſe exhibit to the eye after what manner 
all the colours of the future Butterfly are ſeen 
through this ſkin, when the Butterfly is about 
to cal it, this being its laſt ſkin, I can alſo 
demonſtrate all the parts of the Butterfly al- 
ready in the Caterpillar. I paſs over the men- 
tion of a great many other things worth ob- 
ſerving, which I preſerve, on this ſubject, there 
being now no time to enumerate them at 
large. 

On a proper occaſion, I ſhall explain the 
method by which Butterflies, with their wings 
at large, may be expreſſed and formed, in all 
their beauty, in plaiſter of Paris, without any 
colours. This Ithink an important piece of 
art, and it has not yet been deſcribed by any 
one that I know. I ſhall at the fame time 
ſhew how Caterpillars may be filled with 
ſuet, with plaiſter of Paris, with air, and the 
like, and by this means be preſerved. This 
is effected in none more conveniently than in 
the rough and hairy Caterpillars, the colours 
of which are permanent, as I can exhibit to 
the eye by ſeveral ſpecimens. 


The Flies produced from Caterpillars are of two kinds, diſtinguiſhed by the time of their flying abroad, and the form of their 
antennæ, or horns. They are called diurnal and nocturnal Butterflies, or more diſtinctly Butterflies and Moths. The Butterflies 
appear by day; and they have naked horns, terminated by knobs or buttons. The Moths fly only in the flight, and their horns 
are feathery, and have no buttons at the end. The Fly repreſented Tab. XXXIII. F ig. vi. is a Moth, that Tab. XXXV. Fig. X11, 


is a Butterfly, 


A | I ſhall 


I ſhall likewiſe give the ſeveral methods 
whereby the wings of inſets may be variouſly 
expanded and diſplayed; in a forth perfefMly 
agreeable to that they have-in nature. 
this oceaſion, I ſhall alſo teach by what means 
the wings of inſets, which are as yet hidden 


in their original folds, may be proguere. 1 | 
1 


light; and, when expanded, may 
and preſerved at pleaſure. 

If I further have leiſure and opportunity, 
I propoſe to. deſcribe an art or management, 
to ſhew. in what. manner monſtrous and de- 
formed wings are made to grow; and ſhall 
propoſe, with theſe things, various operations, 
relating not only to the accretion of theſe 
wings, but to the motion of the humours, 
which are conveyed through their veſſels. 
Finally, I ſhall alſo ſhew in what manner 
puſtules, tubercles, pimples, and the like irre- 
gularities, may be raiſed in theſe kinds of 
wings. I ſhall likewiſe ſubjoin many other, 
hitherto unheard of, curious experiments, 
which I hope will be uſeful to natural philo- 
ſophy, and to medicine. All theſe I am now 
obliged to paſs over with this {light mention, 
ſince they cannot here be treated of at large. 

Whether or not the accurate Fabius Colum- 
na found out, with certainty, from the exami- 
nation of the aliments, on which the Cater- 
illars, that are to be changed into Butterflies, 
ive What plants are like cach other, in re- 
ſpect to their virtues ? Is a queſtion worthy the 
inquiry. He tells us, that whatever different 
plants the ſame Caterpillar eats, are of the 
ſame nature and virtue. Other naturaliſts alſo 
affirm, that each ſpecies of Caterpillars has 
only one kind of nouriſhment ſuited to it; fo 
that hence its own peculiar Caterpillar ſeems 
to be aſſigned to every plant on which we ſee 
them feed. From this, if it be ſo, it neceſ- 
ſarily follows, that the different plants, which 
one and the ſame Caterpillar eats, muſt cer- 
tainly agree in regard to their virtues; and 
many ſpecies of plants may by this means be 
conſidered, ſo far as medicine is concerned, 
as one, Others, on the contrary, deny the 
fact: nay, and experience itſelf teaches, as 
Mouffet very well obſerves, © That there are 
« a ſort of ſtrolling Caterpillars, which do not 
© ſuffer themſelves to be tied down to any 
e particular leaves or flowers; but boldly run 
« over and taſte all plants or trees, and feed 
te thereon at pleaſure.” I have myſelf ſeen 
a Caterpillar, which eat the Braſſica, or Cab- 
bage : "likewiſe feed upon the leaves of a Mul- 
berry-tree. I found it feeding on both, of its 
own accord. I ſtill preſerve alſo the egg of 
the Butterfly, into which this Caterpillar was 
changed. It is grooved or channelled, like an 
elegant piece of workmanſhip, and ſurrounded 
with a purple circle. 
Me ſee Aldrovandus has deſcribed one hun- 
dred and eighteen ſpecies of Butterflies, of the 
nocturnal and diurnal kind. Mouffet exhibits 
- eighty-ſix. In che figures of Hoefnagel are 
found fifty. And the ingenious Goedaert, has“ 
given us deſigns of ſeventy- ſeven nocturnal, and 
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eight diurnal butterflies, However, there ig 
nothing to be found relating to theſe inſeQts in 
thoſe authors, bees ſim E ohs. 
Nay,-Hoefnagel has given us only-the figures, 
Goedaert has indeed deſcribed the Fly, hatched 
froth the mag#ot found in cheeſe ; but he ex- 

lains it no further, than by a figureof theWorm, 

ymph,” and Fly; and he has given an inac. 
curate figure of the Worm. 

But, what illuſtrious, what prodigious, what 
ineffable miracles of nature, preſent themſelves 
to the careful obſerver in the changes of theſe 
ſeyeral inſets! It would have been much 
more uſeful, to have exactly, and according to 
nature, deſeribed only one transformation of 
any Nymph, for an example to be applied to 
all the reſt, than to have delineated the changes 
of all theſe Caterpillars, with their various co- 
lours, and their Nymphs: for, according to 
the other practice, the things which were moſt 
uſeful and neceſſary, remain untouched and 
neglected. I have, however, ſome reaſon to 
know, from my own peculiar obſervations be- 
fore related, what may be done in this ſtudy ; 
in theſe I have laid open, in ſome degree, the 
myſteries of nature, and clearly exhibited to 
view the adorable wiſdom obſervable in them. 
Indeed, if we ſeriouſly confider what admira- 
ble 8 remain to be further inveſti- 
gated, and obſerved; and with what ſplendor, 
clearneſs, and beauty, nature exhibits herſelf in 
theſe inſects; and how ſwiftly, yet how re- 
gularly ſhe performs theſe great operations, 
we muſt own, certainly, that ſhe appears, as it 
were, to have expended the utmoſt ſtrength of 
her wiſdom on them, and to have no where fo 
liberally, and clearly preſented her impenetra- 
ble and inexplicable miracles, to be viewed by 
thoſe who worthily ſtudy her works. 

Whilſt the preceding ſheets were at the preſs, 
the incomparable anatomical obſervations of 
Dr. Marcellus Malpighius, profeſſor of phyſic 
and philoſophy, in Bologne, on the Silk-Worm, 
and its Butterfly, which the Royal Society of 
London, inſtituted to promote natural know- 
ledge, cauſed to be publiſhed this year, 1669, 
were kindly ſent to me by the noble Theve- 
not, whoſe merit and zeal to promote natural 
knowledge, are ſufficiently known to all who 
happened to be at Paris, and preſent at the 
weekly diſputations inſtituted by him. And 
as the celebrated phyſician, juſt mentioned, 
ſeems to have attained, by his extraordinary ac- 
curacy, the end he propoſed to himſelf in theſe 
celebrated obſervations; we may particularly 
remark, that after that exact obſerver, An- 
drew Libavius, he is the only perſon who ex- 
cludes the fancied metamorphoſis from the na- 
tural courſe of the changes, which the Silk- 
Worms undergo; and has publiſhed ſeveral 
things agreeable to truth : theſe, he confeſles, 
became known to him by chance. I ſhall in- 
ſert his words, as being moſt true, and worthy 
of peruſal. © And at length, within four 
days, ſays he, in which time the heart of 
«the Silk-Worm continues moving ſlowly, 
« and the body is growing bigger, having 


thrown 
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« the Aurelia a 
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thrown off the outward ſkin like a ſiough, 


ppears as a new creature. The 


« throwing off the old, and aſſumin this new 


form, is completed in the ſpace of one mi- 


« nute and ten ſeconds; and it is thus done, 
« as I happened to ſee it. The motion of the 
« heart is very quick at firſt, and the whole 


t frame of the body appear 


s convullſed ; fo 


« that the ſeveral circular folds of the ſeg- 
ments emerge, and by the tranſverſe con- 
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ſtruction of the ſides, the external ſkin is 
ſeparated from the inner; hence, upon 
making an effort, and thruſting the body, 


which now appears particularly thick to- 


wards the head, the ſkin is driven back- 
ward, and downward ; and the portions of 
the trachea, being ſeparated from their ex- 
ternal proper orifices, are thrown away with 
the ſkin, which is then caſt off, By this 
motion, a cleft or opening is made in the 
back near the head, and through the aper- 
ture, the reſt of the body makes its way 
out; the ſkin being, by degrees, drawn 
back towards the fundament : This proceſs 
is afſiſted greatly by a yellow kind of ichor, 
or fluid, which breaks forth from the cavi- 
ties of the ſkull; and the Aurelia, or Nymph, 
appears then free and diſengaged. 

« Whilſt the inſect is making its paſſage 
out, the horns, or antenne, which are 
thicker and more ſlimy than the reſt, are 
ſeparated from the Aurelia's body, and are 
torn, as it were, out of two cavities of the 


ſkull, beyond the place where they are in- 


ſerted ; and their length, as they become 
unfolded, occupies the ſame 2 which 
the two muſcles of the jaws formerly had. 
The wings alſo, and the legs appear to be 
circumſcribed in their limits; the wings are 
drawn from their ſituation near the fore-legs 
in the Silk-Worm ; and the legs, from the 
lateral parts of the back, which were before 
of a purple colour. But as theſe unfolded 
parts are yet mucous, they eaſily ſtick to 
cach other, and, inſenfibly growing dry, 
they become ſo cloſely united, that the Au- 
relia appears like one entire garment. Now, 
as theſe parts are peculiar to the Butterflies, 
and are deſtined for their uſe, the nature of 
the Butterflies ſeems to be, to emerge ſooner 
from ,the ſtate of the Worm, than is com- 
monly believed, and to be carlier implanted 
in it; for evidently in the Silk- Worm, the 
beginnings of the wings, may be ſeen under 
the ſecond and third ring of the body, before 
the texture of the web. The antennæ, or 
horns, are likewiſe delineated on the ſkull ; 
and the web being finiſhed, they have their 
own termination ; nor will it be improper to 
doubt, that the new kind of life in the Au- 
relia. is only a maſk or veil of the Butterfly, 
which 1s already perfect within ; intended 
that it ſhould not be ſtruck or deſtroyed by 
external injuries, but might grow ſtrong, 
and ripen, as a fetus in the womb.” Thus 


far Malpighius, whoſe laſt-recited words an- 


{wer to thoſe moſt evident experiments, which 


I have formerly exhibited to the noble Lau- 
rence Magallotti, when he was travelling 
through our part of the Netherlands; with his 
moſt ſerene highneſs the Grand Duke of Tuſ- 
cany, as I have before related. In this trea- 
tiſe I advance nothing particular concerning 
the Silk-Worm, except the figures of the brain, 
ſpinal marrow, and male organs of generation; 
which may be ſeen in Tab. XXVIII. fig. 111. 
Among the Butterflies which I have caught 
in the woods and fields; or on trees, flowers, 
and plants, and which I keep in my cabinet; 
there are ſeveral, which have been already de- 
ſcribed by Aldrovandus, Mouffet, Goedaert, 
and others : I ſhall therefore paſs theſe over, 
without enumerating their Caterpillars in this 
place. Among Caterpillars, ſome are hairy, 
others naked ; ſome have tails ; others have 
antennæ, or horns, ſpines, wreaths, ſpots, 
grooves, tubercles, tufts of hair, and, as it 
were, bruſhes; ſome are diſtinguiſhed by 
many, others with fewer colours; and a like 
difference is found in their feet. Some have 


heads like hogs, cats, and mice ; others carry 


on them marks, as it were, of diſtinCion 
and ſome again are formed in different man- 
ners, and exhibit incomprehenſible repreſen- 
tations ; ſo that they cannot be deſcribed by 
any detail of words; for which reaſon, Goe- 
daert publiſhed them in their native colours. 
In the mean time, whilſt we are conſider- 
ing the glittering beauty of the Butterflies, we 
cannot but declare, that the conſpicuous and 
beautiful tails of peacocks, 'and the ſhowy fea- 
thers of the Oſtrich, cannot be compared with 
the ornaments of theſe little creatures. Are 
not the wings of Butterflies moſt beautifully 
ſet, as it were, with pearls and diamonds, 
and with the turquoiſe, ſapphires, and rubies, 
which increaſe their ſplendor to ſuch a degree; 
that their baſe being made, as it were, of the 
ſubſtance of mother-of-pearl, and” covered 
with plates of gold, filver, copper, or molten 
braſs, ſurpaſs the colours of the rainbow, by 
the bright reflexions of the rays ? That theſe 
little creatures might be exalted to the utmoſt 
height of beauty, nature has favoured them 
with four wings, one of which beautifully re- 
preſents the other, as it were, in a mirror or 
looking-glaſs ; whereas they might have flown 
with only two, and that moſt ſwiftly, and hade 
cut the air in infinite meanders, ſurpaſſing all 
imagination; as any one may ſee on opening 
the under pair of wings. Some of the Butter- 


flies, which I preſerve in my cabinet, have 


oval, others round wings ; ſome oblong, and 
ſome ſerrated ; but, which. is a very rare thing, 
one of them has wings on one fide membra- 
nous, and on the other, only covered with the 
feathery or ſcaly duſt; fo that they conſiſt 
partly of a bare membrane, and partly of one 
ſet with theſe feathers. J have likewiſe ſome; 
the lower wings of which terminate, as it 
were, in an acute tail; and in others they ter- 
minate in balls, or as if they had knobs on 
their tops: all theſe are diurnal. I proceed 
now to the nocturnal Butterflies, 
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In the next place then, we likewiſe refer to 
this order called the Aurelia, the nocturnal 
Butterflies, Phalænæ, or Moths. I preſerve, 
and can ſhew the curious, one hundred and 
nihety-three ſpecies of theſe creatures; of 
theſe, thirteen are very large; twenty-eight of 
a middle fize ; eighty-fix ſmaller ; and ſixty- 
ſix very minute. In this number there are 
thirty-five noQurnal, or night Butterflies; 
which, together with their reſpective Cater- 

illars, and their changes, have been deſcribed 


y Goedaert, and painted in their natural co- 


lours. I have likewiſe fifteen or ſixteen ſpe- 
cies of the Chryſallides ; ſome of which are 


naked or ſmooth ; others rough, having caſt 


the hairs of their outward ſkin ; others are diſ- 
tinguiſhed with wreaths and various colours ; 
others are colourleſs and naked ; and others 
are, as it were, interwoven, and exhibiting a 
repreſentation through this web. I can like- 
wiſe ſhew many of the eggs of theſe Butter- 
flies; ſome of theſe are covered with hair 
others ſurrounded with a kind of froth, and 
others again are hidden in other manners. I 
likewiſe preſerve ſome ſingular and very beau- 
tiful webs, nets and membranes, wherein they 
encloſe themſelves, with the greateſt circum- 
ſpeCtion, and in a moſt wonderful manner, 
when they are about to change: it is, indeed, 
hard to comprehend, how theſe little crea- 
tures can confine themſelves in ſuch cloſe and 
narrow priſons; and can, though completed 
or folded up in theſe, perfect their webs . 
The induſtrious Goedaert has delineated 
fifty-ſeven ſpecies of Chryſallides ; but I am 
ſorry to ſay, that among them all there is 
ſcarce one accurately repreſented, as I hall 
hereafter ſhew beyond a doubt. Indeed, a 
great many things occur, occaſionally, in the 
figures of Goedaert, which ſhould be cor- 
rected. 

It is certainly worth obſervation, that, as 
well by the night as in the day, we obſerve 
innumerable living little creatures fluctuating 
in the air. This is not peculiar to the noctur- 
nal Butterflies; for immenſe ſwarms of Beetles, 
and very many ſpecies of water inſects, betake 
themſelves to the air after ſun-ſet. Tis for 
this reaſon we obſerve flowers, trees, fields, 
and gardens frequented, night and day, by in- 
numerable inſets, which ſeek for food upon 


them; that is, the great and ſupreme Creator, 


whoſe providential eye is- always open on all 
created beings, appoints theſe creatures night 
for their day, and day for their time of reſt, 
ſince all things are at his pleaſure, and in his 
power. If at night you carry before you a 
lighted torch, you will entice towards you 
many ſpecies of ſuch inſects ; and, when al- 
lured and deceived by the light, you may 
eaſily catch them. 3 

Among the nocturnal Butterflies, which I 
preſerve, there is one, a Meth, the largeſt that 


All that is required to produce the perfect Fly from the Chryſalis, is the evaporation of the abundant moiſture ; and this will 
happen in a ſhorter time in hotter weather, and will require longer in cold. Hence, the period of the ſame ſpecies lying in this 
ſtate, is varied by accidents ; and that of different ſpecies, is alſo in its nature extremely various. - Reamur has bead th 


days is ſufficient for ſome, and that others lie as many months. 


the name of Moths, becauſe they are produced 


has been taken in Holland. It is produced 
from a very deſtructive Caterpillar, with thin 
hair, which eats the bark, and even wood, of 
the Willow. This Caterpillar is called Spon- 
dyla rubra by Mouffet. I have ſometimes fea 
it for a whole year on white bread only, 
Mouffet relates, that the largeſt Moths kill 
with their wings, and afterwards devour, the 
- ſmaller kinds: but this, I have found, is con- 
tradicted by experience; for the Moths are 
provided only with a hollow trunk for their 
mouth. To which may be added, that many 
of theſe inſets, as ſoon as they become fit for 
generation, entirely quit their former mif. 
chievous diſpoſition, and, taking no food after 
wards, apply themſelves only to propagating 
their ſpecies. Indeed, ſome do it more late, 
others earlier; according as their eggs become 
more or leſs mature, whilſt they lie in the 
habit of a Nymph, nay, and in the Caterpillar. 
form. Thoſe kinds muſt be excepted, which 
have the care of feeding their young ; for it is 
abſolutely neceſſary, that ſuch ſhould be longer 
preſerved alive alſo by nature, for the ſake of 
their young. Thoſe which are not obliged to 
rear their young, as the Butterfly kind in ge- 
neral, we obſerve, die very ſoon after they are 
produced in their winged ſtate. So that hence 
we ſee, the whole change of theſe creatures is 
begun and finiſhed by nature, with regard to 
their generation only; as is more evident from 
thoſe ſingular obſervations I have made on 
Bees. 

In the Ephemeri, nature has ordered the. 
buſineſs of generation in a different manner; 
for, as ſhe has denied coition to theſe inſets, 
the females are obliged to caſt their ſeed into 
the water, in the ſame manner as fiſh caſt their 
ſpawn : this they do in the time when they 
beat and fly up and down on the ſurface of 
the water. On the other hand, the male Bees 
have air, inſtead of water, into which they 
diſcharge their ſperm. 

I preſerve alſo that ſpecies of Butterflies, 
which the celebrated John Bauhinus has de- 
ſcribed in his treatiſe of hurtful winged ani- 
mals, publiſhed in French in the year 1693. 
I have repreſented the Caterpillar of this ſpe- 
cies, the Chryfalis, and the Butterfly itſelf, in 
Tab. XXIX. Fig. 1. 11. and 111. and have given 
it the name of Pernix. | 

I preſerve likewiſe various ſpecies of thoſe 
nocturnal Butterflies, known particularly by 


from worms of the ſame name, that eat cloaths; 
and others that feed on paper, books, and duſt, 
as well as the leaves of trees. Among theſe 
worms there are ſome which, like Tortoiſes, 
carry their houſes about them: this will appear 
in our ſucceeding particular obſervations. Be- 
tween theſe Moths and the other nocturnal 
Butterflies, which are called alſo by the ſame 
general name, there is this difference, that the 


at eight 


former 
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former iſe immediately, and ſuddenly fly into 
the air; but the others, before they can fl 
away, make Aa noiſy and tremulous motion WI 
their wings. This we obſerve alſo in other 
creatures, which, after. they have reſted ſome 
time, are obliged thus to prepare themſelves 
for flight. I have given the true figure of the 
Tinea or Moth of cloaths, -in Tab. XLV. fig. 
xxxl. to which is ſubjoined in fig. xxx1v. of 
the fame Table, another kind of Moth, gene- 
rated from a Worm that in its theca or 
caſe. And in Tab. XLIV. fig. xx. I have 
delineated a third Moth, produced from the 
leaf of an alder-tree. Finally, 1 have deli- 
neated the honey-comb Moth in Tab. XXVI. 
fig. 11. 

1 can likewiſe ſhew in my collection that 
ſpecies of Butterfly, the male whereof is 
winged, but the female without wings : this 
privilege of the male is very ſingular and re- 

markable in this ſpecies. I have likewiſe ob- 
ſerved, that the males of the Ants live free 
from labour, and have alſo four wings. Among 
the Bees the male has likewiſe this preroga- 
tive; it is diſcharged from all care of nouriſh- 
ing the young, and ſeems to be appointed by 
nature for generation only, not for nurſing : it 
is for this reaſon probably that this crea- 
ture's life is ſo ſhort ; and for the ſame cauſe 
we obſerve, that when the'time of generation 
is over, theſe males are murdered by the work- 
ing Bees. I preſerve two kinds of males and 
females of the Butterflies, juſt now mentioned; 


the former of which have larger eyes than the 
latter: this we likewiſe obſerve in Bees, Ants; 
the Ephemeri, and other inſets. The fe- 
male of the Braſil Caterpillar that eats wood, 
is ikewiſe without wings; this appears to me 
plainly, from its Chryſalis which I preſerve in 
my collection. I have likewiſe a ſecond ſpe- 
cies of Butterflies, whereof the male. only is 
winged : It was taken in France; and I have 
repreſented it in Tab. XXXIII. fig. vii. 

I can in the next place ſhew ſome Butterflies, 
the wings of Which are formed like feathers. 
Indeed we are to obſerve, that all the colours 
and different repreſentations, which conſtitute 
the ſplendid pride of the Butterfly's wings, 
conſiſt only of little feathers, differing among 
themſelves with inexpreſſible variety of con- 
ſtruction : this will be made manifeſt, when 
we ſhall treat of the manner, whereby thoſe 
wonderful protuberances of the wings are 
formed in the Butterflies, and, with many 
other curious incidents, ſhall explain that moſt 
delicate increaſe of the wings. Finally, I can 
likewiſe ſhew the ſmall Butterfly, which al- 
ways flies in a ſtraight line, having an oblong 
tail for that purpoſe ; and therefore it does not, 
like other kinds of Butterflies, deſcribe by its 
motion an oblique and unequal courſe in the 
air. Of this opinion is alſo the very learned 
Arnoldus Senguerdius, who, in his phyſical 
exerciſes, affirms, that the tail may have power 
to give an even, or uneven motion to thoſe 
creatures, We add here, | 


An example of the ſecond ſpecies or method of the third order of natural changes, 
which I call the Nymph-Chry/alis, or Aurelia, exhibited in that ſpecies of the 
notturnal Butterfly, or Moth, whereof the male is winged, 


Tas. XXXIII. No. . 
7 HE Caterpillar of this nocturnal Butterfly, 
or Moth, lying in its firſt coat or ſkin, 
which is called the egg- ſtate, and is repreſented 
to the life. The firſt figure exhibits the egg 
magnified. 

No. II. The ſame egg, or rather the hard or 
indurated ſhell of that egg divided into two 
parts. A microſcopic delineation of this is 
again exhibited in the ſecond figure. 

No. III. The Caterpillar of this Butterfly 
having attained its full ſize, it 'is very worthy 
of regard, on account of its wonderful form. 
Behind its head are ſeen, Tab. XXXIII. No. 
HI. 3. four bundles of hairs, like ſo many 
cloaths-bruſhes, clipped even at the tops : theſe 
are of a white colour inclining to yellow. In 
the fore part, near the head, are alſo two pro- 
minent bundles of hairs, which reſemble 
horns. Theſe are hairs, bb. of a black colour, 
and conſiſt of long, ragged, and uneven hairs ; 
the tops whereof are adorned with a kind of 
branching: feathers. On the two ſides of the 
breaſt are ſeen, cc. two other feather-like bun- 
dlesBf hairs, placed very beautifully like oars. 
| Juſt before theſe are placed, dd. two ſuch other 
hairy oars ; which, however, are much infe- 


rior in the beauty of their ſtructure, to the ſe- 
cond pair juſt now deſcribed, and are of a yel- 
lowiſh white, being almoſt of the ſame colour 
with the four former even-clipped bruſhes of 
the back. The whole ſkin of this Caterpillar 
is here and there beautifully variegated with fine 
colours, which are conſtituted, ce. by certain 
ſcaly and ſhort-haired little feathers, among 
which, the longer and looſe hairs are every 
where interſperſed ; whilſt, in the mean time, 
the ſkin itſelf is obſerved to be of a bright red 
colour. At the hinder part of the body, this 
Caterpillar has a ſuperb feather-like tail, which 
reſembles the antennæ or horns of inſects, in 
form and colour. This creature has ſixteen 
feet ;- the ſix fore ones are placed near the 
head under the thorax ; eight are placed under 
the middle of the body, and the other two at 
the end, juſt above the tail. "Theſe Caterpil- 
lars are found plentifully in the gardens of Hol- 
land, living among the leaves of plum and 
cherry- trees, and in ſeveral other places. 

No. IV. This figure exhibits the manner, 
wherein this Caterpillar has wound itſelf up, 
aaa. and ſettled itſelf quietly in its web. It 
begins in that to be ſome what immoveable 


about the thorax; and it is to be obſerved, that 
B it 
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it there becomes alſo thick, and more extube- 
rant; for the limbs, which have increaſed 
there under the common ſkin, ſwell by de- 

ees. This is particularly manifeſt, b. about 
the third and fourth annular inciſion in the 
fore part near the head. Before this Caterpil- 
lar caſts its ſkin, it becomes wholly deprived of 
motion ; and in' the place juſt mentioned is 
ſtill more conſiderably diſtended ; and the body 
becomes ſhorter, becauſe the blood and juices 
are conveyed toward the breaſt from the hin- 
der parts. I here likewiſe ſhew the manner 
wherein this little creature, whilſt it twiſted it- 
ſelf continually up and down in perfecting its 
web, has by that continual agitation worn off 
the greateſt part of its hairy feathers; and as 
they have fallen into the cavity of the web, 
hence is produced a little feather-bed, as it 
were, in which the Caterpillar lies the ſofter. 
To this may be added, that theſe hairs, lying 
looſely and ſcattered in the web, render the 
change of the ſkin much eaſter, and they are 
afterwards moved backwards with the ſkins 
trom the fore parts. 

No. V. I exhibit in this figure the ſame Ca- 
terpillar, when upon caſting its ſkin, it has aſ- 
ſumed the form of a male Chryſalis, and ſhews 
all the limbs of the nocturnal Butterfly, that is 
to burſt from thence. 

This repreſentation is more obſcure in the 
Chryſalis than in the Nymph ; for the latter, 
as has been before ſhewn at large, in its proper 
place, very clearly diſplays to the eye the limbs 
of the little inſe& to be produced from it, on 
caſting its ſkin. However, as the Chryſalis 
docs really alſo exhibit to view all the limbs 
and parts of the future creature, and 1s, in 
reality, that very creature which it repreſents, I 
ſhall likewiſe exhibit theſe parts in this Chryſa- 
lis. The fourth and fifth figure anſwer this 
purpoſe. 

No. VI. In this figure I repreſent the ſame 
Caterpillar, as it appears when firſt changed 
into a Chryſalis, and afterwards, after caſting its 
lait ikin, becomes a male nocturnal Butterfly or 
Moth. When theſe inſets have obtained this 
laſt form, they afterwards neither grow nor are 
at all changed, but are intent upon generation 
only; as I ſhall more clearly ſhew in the ex- 
planation of the following figures. In the 
mean time I thew the elegant antennæ, qa. 
which this male has, its ſmall body, 5. and its 
four wings, cc. which the female has not. 

Tas. XXXIII. Fs. 1. 

The egg of the nocturnal Butterfly, whereof 
we are ſpeaking, is the principal figure repre- 
ſented magnified : Its purple ring, and ſome 
little depreſſions and inequalities, whereby it 
is remarkably diſtinguiſhed from all other eggs, 
are ſhewn in this figure. This egg is alſo ſome- 
what depreſſed in the middle, which makes it 
appear as if perforated and open in that part, 
when viewed without a microſcope. 

1 

This exhibits the ſame egg broken into two 
parts, and forlſaken by its inhabitant : for as it 
is covered with a hard ſkin, or ſhell, like a 


hen's egg; hence it is not rolled up, or drawn 
aſunder like a membranaceous integument, as is 
commonly the caſe in the eggs of Ants and 
Bees: it is on the contrary torn from the Ca- 
terpillar, which it before inveſted, in form of 
a jagged ſhell. This manner of ſeparation is 
not univerſal among all theſe eggs; for, ac- 
cording as the ſkin or ſhell is more or leſs hard, 
and the fition great or ſmall ; the de- 
ſerted ſhells are found to vary more or leſs 
from the form we have deſcribed. ' One may 
from thence ſee, after what various ways the 
inſects put off their firſt coats and ſkins, which 
may be eaſily illuſtrated by other examples. 

| FIG. 1it. * | 

In the third figure I ſhew the method 
wherein theſe eggs are glued to the web. I 
ſhall preſently treat of this particular more at 
large. It is in this deſerted web ſeen alto, 
what an hole the nocturnal Butterfly made, 
when about to creep out of the web. 

10; "#G> 

In the fourth figure are repreſented all the 
parts of the male Butterfly in the Chryſalis it- 
telt ; namely, 

a. i he two eyes in the head, under which, in 
the thorax, next between the upper legs, the 
trunk is ſituated. | 

bb. The antennæ or horns, with their inte- 
guments, removed from their natural ſituation, 
which is cloſe to the body. | 

cc. vix legs hkewiſe removed from their 
places. 

dd. The upper and under wings in their na- 
tural ſituation. | 

e. The rings of the body, in which are re- 
preſented fome hairs deprived of their ikin : 
This is likewiſe the caſe, with reſpect to thoſe 
hairs which are ſeen on the head. 

FiG.. v. 

All the before-mentioned parts are in this 
figure exhibited in the Chryſalis of the female 
Butterfly of this ſpecies; but theſe are not re- 
moved out of their natural fituation. It is evi- 
dent, by this figure, that the female Chryſalis 
differs in three reſpects from the male Chryſa- 
lis : firſt, as to the horns or antenne ; then in 
reſpect to the wings ; thirdly, in regard to the 
ſize and thicknels of the body; but theſe things 
will be made more evident, in the explanation 
of the ſixth figure. I muſt allo call to mind 
here, that this compoſition or texture of the 
limbs, though various in the ſexes, yet never 
makes what is called, an eſſential difference 
between the Chryſallides of the various inſects, 
but only an accidental one, conſiſting in the 
ſhortneſs or length, or bigneſs and ſmallneſs of 
the parts. We muſt further obſerve, that this 
Chryſalis, and the inſect, which, upon chang- 
ing its ſkin, is to ariſe out of it, do not in the 
leaſt differ from each other, except only in the 
order and diſpoſition of the parts, which are 
arranged in the Chryſalis, ſomewhat otherwiſe 
than they are in the perfect inſect, or the 
Chryſalis, after caſting its ſkin : This ſhould 
indeed be obſerved molt carefully. 


FIG. 
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FI. v1. ſo that it is like a cluſter of grapes. In ordet 


| After delineating, under No. VI. the male 
Butterfly, together with its moſt elegant horns, 
its fine and flender body, and four expanded 
wings ; I exhibit under the ſame No. VI. all 
theſe parts, but much more imperfect; viz. 

24. Two uncouth horns or antennæ. 

3. A thick and diſtended body. 

cc. Four ſhort wings, or rather only rude 

rtraitures of wings. 

Hence it is evident, that it may be truly ſaid 
that this female has no wings. We may, for 
this reaſon, ſee all its ſix legs without any im- 
pediment ; though in the male they lie ſo far 
under the wings, that only the two fore ones 
are occaſionally ſeen between the horns and 
ſuperior wings; as is manifeſt under N. VI. 

In reſpect therefore to this ſpecies of inſects, 
it deſerves notice in what a wondertul manner 
the adorable Creator has eſtabliſhed diſtinctions 


between the males and females; and what 


noble prerogatives he has given to one, and 
denied to the other, of them. Whilſt beauti- 
ful antennæ, an agile and light body, and very 
ſwift flying wings, raiſe the male to the thrones 
and ſceptres, as it were, of kings; the female, 
being deprived of all thoſe remarkable privi- 
leges, and ſcarce able to bear the load'of a 
ſwollen, tumid, and thick body, ſeems to be 
condemned by the moſt wiſe Nature, who has 
given ſovereignty and dignity to the male only, 
to keep her neſt perpetually, and take care of 
domeſtic affairs. Hence it likewiſe is, that 
this female, like a moſt prudent houſewiſe, 
never goes out of her habitation ; but is always 
fixing the fruits of her matrimony, that is, her 
eggs, to the ſurface of the web out of which 
ſhe herſelf crept ; as may be icen in Fig. 111, 
Indeed, this cuſtom of faſtening the eggs to 
the web in a conſtant method, and, by the im- 
mutable law of nature, is ſo peculiar to this 
ſpecies of inſects, that J have never hitherto 
obſerved it in any other kind whatſoever. 
This female, therefore, affords a beautiful in- 
ſtance of induſtrious houtewitery ; and, there- 
fore, ſhe deſerves to be dignified with that 
name. The male, in due time, reviſiting his 
female, and paying her the proper tribute of 
benevolence, ſhews, in his ſpecies, that he 
never deviates from the character of a chaſte 
and honeſt husband; fince he gives the aſſiſt- 
ance of his excellence and dignity to the 
female, and ſupports her weakneſs “. 
FI. vil. 

The female is here repreſented, according 
to nature, ſo full of eggs, that her whole belly 
is diſtended with them; and as the integu- 
ments of this part is very thin, the eggs are 
diſtinctly viſible through it. Nay, it is like- 
wiſe ſeen how the ſkin turns and inſinuates it- 
ſelf round the convex windings of the eggs, 
and runs into the little ſpaces between them; 


to produce theſe eggs very clearly to view, the 
ikin needs only (Tab. XXXIII. Fig. vir. 2 
be diſſected in the belly and back, and raiſe 
from the body towards the hinder parts; for 
then one may diſtinctly ſee after what manner 
they are placed within. Theſe eggs are found 
to be of a round figure, when taken out of the 
body; and have on the upper part, as I have 
already obſerved, a purple ring: but, on the 
lower part, they are of a white glittering hue, 
like pearls. Their ſhell or {kin is fo hard, that 
when they are dried in the air, they are not 
liable to break; and, therefore, the natural 
preſerved ſpeeimens of them will be always 
agreeable to the perſon who ſees them. 

It is very remarkable in this creature, that, 
when it is yet in the condition of a Caterpillar, 
one may, even then, manifeſtly ſee in it the 
rudiments of eggs. Theſe, when the Cater- 
pillar 1s changed into a Chryſalis, ſhew them- 
elves much more diſtinctly, and, having ac- 
quired their utmoſt perfection, are at length 
ſeen thus elegantly in the Butterfly itſelf; that 
is, they ſeem watery in the Caterpillar: they 
appcar in the Chryſalis, as it were, membra- 
naccous and flexible; but in the inſcct itſelf 
they are hard, and reſemble a real ſhell, very 
little ditterent from that of hen's eggs; and, 
for this reaſon alſo, they will crack and break 
like an earthen veſſel, From hence appears 
the reaſon, why theſe eggs retain their figure, 
when dried; for this is the caſe, with reſpect 
to all eggs that have a hard ſhell: whereas the 
contrary obtains, in all thole that have a thin 
and tender ſkin ; as may be ſeen in the eggs of 
Bees, and many other inſets, which are almoſt 
entirely deſtroyed by drying them. 

Before I conclude this hittory, it may be ne- 
ceſſary to add ſomething more concerning the 
parts of the Aurelia, that theſe may be the 
more appoſitely compared with the parts of the 
Nymphs, and the difference between them 
underſtood. When theſe and other Caterpil- 
lars are caſting their ſcin, and preſenting their 
betore hidden parts to outward view, in the 
beginning of this change we obſerve them 
ſott, tender, and ſomewhat moiſt ; and this is 
the cate likewiſe about the parts of the Nymphs 
themſelves. But, a little after theſe ſeveral 
parts in the Chryſallides approach toward each 
other, they are then joined together ; and in- 
decd ſo cloſely, evenly, and equally united, 
that they repreſent, as it were, a continuous, 
ſmooth, undivided, and varniſhed ſkin. This 
is by no means the caſe in the parts of 
Nymphs: for they are not at all joined; but 
are only diſpoſed near each other in ſuch a 
manner, that one may diſtinctly fee each of 
them. This is the true difference between 
the parts of the Nymph and thoſe of the 
Chryſalis. 


The progeny of the ſame ſpecies of Butterfly may, under favourable circumſtances, be hatched at two ſeaſons of the year; and 
conſequently two generations, inſtead of one, may be produced in one year. Reaumur has obſerved, that the eggs of the Butterfly, 
which would be hatched in a few days if laid in fummer, will, if depofited in autumn, lie till the winter ; and, unle(s the cold have 
been ſevere, hatch the following ſpring. The Butterflies produced in about fix weeks from the Caterpillars of theſe eggs, will lay 
| their eggs in ſo warm a ſeaſon, that they will hatch, and paſs through all their changes into Butterflies the ſame year. 
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unite, and are, as it were, glued and faſtened 
together, is, becauſe the ſkin, inveſting the 
Chryſalis in that part where the union or junc- 
tion is made, is confiderably thinner than where 
it is expoſed to the air. And therefore, on 
account of this inequality of the ſkin, it was 
abſolutely neceſſary to Lug all the mem- 
bers from the drying air, and to defend them 
from injuries by their mutual compactneſs. 

Theſe things are circumſtanced in the parts 
of the Nymphs in a contrary manner; for their 
ſkin is found to be equally thick in all the parts, 
ſo that it would be ſuperfluous to unite them 
together. But, even in Nymphs, ſome parts 
ſometimes occur, which are covered with an 
equal ſkin. This holds chiefly when ſome 
parts reſt upon or are ſupported by others; 
and it is obſerved principally about the caſes 
of the wings, which have a much thinner 
ſkin, where they receive the wings, than where 
they are turned to the air: therefore, in this 
reſpect, they entirely agree with the Chry- 
ſallides. 

It certainly deſerves great notice, how dcli- 
cate and thin the integuments of thoſe parts 
are, where they are found to lie on each other : 
and hence even the continued ſkin, which co- 
vers or incloſes theſe parts, has its external part 
thick, and is ſtrong and hard ; but in the in- 
ternal part it is thin, tender, ſoft, and formed 
like a ſpider's web. This ſkin ſometimes alſo 
is ſo fine, that the rays of the ſun exhibit 
therein various colours to the eye, eſpecially 
where it is in any degree folded : as 1s obſerved 
in very thin and fine blown glaſs, and in the 
{lender filaments of a ſpider's web. 

This being well conſidered, it is eaſy to un- 
derſtand why many Butterflies are produced 
deformed ; that is, when their limbs, under 
the period of the transformation, are not well 
united together, as frequently happens. In- 
deed I have, more than once, ſeen that they 
have dried and periſhed, by reaſon of this de- 
fect of a proper union. The ſame effect 
may be performed by art, and a certain opera- 
tion: I mean, we may thus produce Butterflies 
that are deformed. I can alſo very eaſily diſ- 
unite all the limbs of the Chryſallides; for, 
naturally, theſe parts in the Chryſallides will 
then never ſeparate themſelves further, not even 
at the time they are ſtripped of their ſkin : for 
the ſkins to be cut off from thence, have only 
three or four cracks or openings, ſince the 
thinner ſides of theſe inveſting parts are then 
very eaſily broken further, with the leaſt mo- 
tion ; ſo that there will be no need to move 
the reſpective limbs out of their places. 

As thoſe who ſearch into the ſecrets of na- 
ture have not obſerved this, I am therefore in- 
clined to think they have imagined, in conſe- 
quence of this overſight, that the continued 
ſkin of the Aurelia conſiſted of a texture of the 

parts united one with another. They have 
therefore fancied, that the inſect lies in that 
uniform and undivided ſkin, in the ſamie man- 
ner as the chicken lies in its undivided ſhell, 
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The reaſon, why the limbs in the Chryſalis 


1 


But this is contrary to all truth; for every part 
of the Chryfalis, as well ag the limbs of the 
Nymph, is inveſted with its reſpective integu- 
ment. And this is he more inconteſtably 
certain, becauſe theſe limbs, together with the 
ſkin wherewith they are ſurrourided,” are found 
entirely perfect in the Worms and Caterpillars, 
and may be even there ſeparated or diſengaged; 
ſo that one of theſe inſects is, in reality, al- 
ok K in another: as I ſhall hereafter deicribe; 
and abſolutely prove: i 
Another remarkable thing in theſe Aurellæ, 
whereof we are ſpeaking, is, that even the 
hairs of the Caterpillar caft a ſkin, and are 
afterwards ſeen in the Chryſalis. And hence 
ariſes another invincible argument, moſt clearly 
demonſtrating, that the Aurelia is not a crea- 
ture newly transformed, but is really the former 
creature, which has caſt its fkin. The whole 
change, or rather accretion 'of the parts and 
limbs, conſiſts indeed only in this, that the in- 
veſting membranes or ſkins, which are ſo many 
veils that obſtruct the fight, are removed by 
degrees, and thrown off; fo that the limbs, 
which, from the firft, lay hidden in the inſide, 
are, in the end, ſeen on the outſide. In all 
theſe changes, nothing is more wonderful than 
the motion by which alone they are ſeverally 
produced, and perfected by means too ditficult 
to be inveſtigated. The deeper we here look 
into nature, the more we are obliged to con- 
feſs our blindneſs, and our ignorance. Indeed, 
there is nothing more true, than that all theſe 
things, which I advance and publiſh, are no 
more than the naked ſhadows of the incxpli- 
cable myſteries of the Great Creator : the in- 
ternal nature, and true diſpoſition, of theſe 
meanders are above the reach of our limited 
underſtandings. 
I ſhould never conclude, if I attempted to 
proſecute minutely all the wonderful things 
that occur in thele Chryſallides : and, indeed, 
I thould weary out the reader's patience by a 
prolix recital of them; fince he mult firſt have 
ſome knowledge of the hiſtory of theſe inſects, 
who would properly underſtand what is deli- 
vered. I ſhall add but one thing inore con- 
cerning the eggs of theſe inſects : this is, that 
as the rudiments of theſe eggs may be perfectly 
ſeen in the Caterpillar, there ariſes from thence 
a ſtill more powertul argument to prove, that 
there is no real metamorphoſis or change, or 
real transformation of parts in the creature ; 
but only a fimple growth, or accretion, as in 
all other animals; only, that it is more conſi- 
derable, and more admirable, than in the other 
creatures. I ſhall alſo add, that the egg itſelf 
is, in reality, no other than a little inſect, the 
ſtrength of which, by degrees, inereaſes in its 
ſkin or coat; until it has at laſt acquired ſuffi- 
cient ſtrength to break through this ſkin or 
ſhell, and caſt off its firſt integument. It is 
therefore, from what has been ſaid, clearer 
than the meridian ſun, of what infinite uſe ſuch 
experiments are to us; as thoſe I: have pro- 
poſed, by way of ſpecimen, at the end of the 
third chapter. | 2 
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In the webs, which Caterpillars form, there 
is obſerved a wonderful variety; for as they 
ſerve them in the place of neſts, every Cater- 
pillar, according to its peculiar nature and diſ- 

fition, forms and perfects its web its own 
way. Though theſe webs are conſtructed with 
wonderful art, yet thoſe Caterpillars, which 
are encloſed in no web, excel all others in art 
and invention. Some of theſe, which bury 
themſelves under the earth, are inſtructed to 
make caverns or holes in it ſo artfully, that 
they ſeem to have a more ſecure habitation 
there; than others in their walls. Some others, 
that remain above the earth, have the art to 
fix their webs with ſuch ſtupendous dexterity 
to plants, trees, walls, and in hedges, that they 
ſafely hang with it, though expoſed every way 
to the ſurrounding air; and are at length 
changed, after caſting their ſkin, into very 
beautiful Butterflies. It is moſt wonderful, 
that theſe little creatures, at the time of their 
change, know how to diſengage their claws 
from the web, and to change the ſkin of theſe 
their ſmalleſt parts, together with the ſepa- 
rating exuviæ; whilſt, at the ſame time, they 
remain fixed by thoſe claws in the web. In- 
deed, in this art, the Caterpillars by far excel 
the moſt active of the human ſpecies in their 
geſticulations. I have likewiſe ſeen ſome 
Caterpillars, which knew how to bite off a 
certain part of the leaves of trees; and, as in 
a ſafe habitation, afterwards have encloſed 
themſelves therein, by the help of the threads 
they have ſpun, Others weave oval neſts ; 
others exactly round ones; others oblong ones; 
others make them channelled ; others ſuch as 
are like a delicate network ; others angulated ; 
ſome weave into their work wood, ſand, ſhells, 
ſtones, and other matters : others ſimply, tho' 
very artfully, roll themſelves up in the leaves 
of plants and trees. In a word, the wonder- 
ful ingenuity of Caterpillars is manifeſted in a 
thouſand inventions; and in all of them the 
hand of the Great Creator is molt clearly (cen, 
who has infuſed ſo much prudence, as it were, 
and wiidom into thoſe creatures, exhibited in 
order, weight, and meaſure. | 

I have particularly treated of the Butterflies 
hitherto deſcribed in the third chapter of this 
work; and I have ſhewn there, that the in- 
duſtrious Goedaert, in Part I. Obſ. 59, and 
Part II. Obſ. 30, has given a ſhort deſcription 


of them, and exhibited their figures ; though 


he did not perfectly know theſe creatures, 
nor could diſtinguiſh the male from the fe- 
male... - ; 


Fi. vii. 

I have found theſe creatures, here treated 
of, not only in our part of the Netherlands, 
but alſo in France; but they were of a dif- 
ferent ſpecies. This will appear by the eighth 
figure, wherein I repreſent theſe inſects in the 
act of coition. The female of this ſpecies is 
abſolutely without wings, (Tab. XXXIII. Fig. 
VIII. 3.) and has two ſhort horns, fix legs, and 
a body divided into ſeveral rings. The male, 
on the contrary, is exhibited with two beauti- 
ful horns and four wings, 6. and with a body 
ſomewhat larger than that of the Holland But- 
terfly, delineated under NV. VI. Theſe were 
alſo nocturnal Butterflies; but their bodies 
were more ſwollen than thoſe of Holland; the 
male whereof is diſtinguiſhed for its ſmaller 
body and ſmoother wings. Theſe French But- 
terflies are variegated with a gray and blackiſh 
colour, mixed with white. This mixture ren- 
ders them very beautiful, The diviſions of the 
back are tinged with a browner black; and 
there are, moreover, obſerved ſome yellowiſh 


rings in that part, conſiſting of hairs. From 


what Caterpillars theſe Butterflies are produced, 
I do not know. I found them in a ficld in 
the act of coition; ſo that, from thence, I 
could affirm for certain, that the male and 
female are the two ſexes of the ſame ſpecies. 
The remarkable neſt, which I have deli- 
neated in the hiſtory of the Ephemerus ; firſt 
publiſhed ſeparately, and which I proved at 
the ſame time to be conſtructed of ſmall bitten 
pieces of wood, laid together, and joined like 
the beams of houſes in Ruſſia; this neſt, I ſay, 
is built by the wood-cating Caterpillar, which 
inhabits it, and carries it about on its back 
in form of a pyramid. Theſe Caterpillars are 
likewiſe changed into a winged male, and a 
female without wings. This appeared very 
evidently to me, when, upon opening the neſt, 
I found the Chryſalis of the female and the 
Exuviæ of the Caterpillar in it. Therefore, 
ſeveral pairs of little creatures ſeem to exiſt in 
nature; the males of which have this peculiar 
privilege above the females. It likewiſe ap- 
pears from thence, how much the inſects of 
one and the ſame ſpecies may differ from each 
other. Perhaps the ſame thing likewiſe holds 
in ſome quadrupedes, birds, or fiſhes ; particu- 
larly in thoſe ſpecies, the males or females 
whereof we have not yet been able to diſtin- 
guiſh. Some ſay, the Snake has no difference 
of ſex, which others again deny. I cannot 
preſume to decide this controverſy, as I never 
took any particular pains about that ſubject, 
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The anatomy of the common diurnal and variegated Butterfly. 


THE INTRODUCTION. 


FH E hiſtory I am about to give, under the 
ſecond mode of the third claſs or order 
of natural changes, is ſo amazing in all its cir- 


cumſtances, that it might very well paſs for a 


romance, were it not built upon the moſt firm 
foundations of truth. Facts alone ſupport it; 
ſo that, how much ſoever our comprehenſion 
may fall ſhort of the things to be related, we 
muſt aſſent to them notwithſtanding ; and we 
ſhould ſtudy them alſo, as ſome of the moſt 
ſhining miracles of God's power and goodneſs. 
In this hiſtory we hall ſee moſt ſurpriſing 
changes in the limbs of theſe inſects, growing 
under one another, that anatomy has ever diſ- 
covered ; ſuch changes, indeed, as no human 
wit could contrive, or could even think of, 
had not God, the great Author of theſe won- 
ders, been graciouſly pleaſed to reward our 
induſtry with the diſcloſure of them. In this 
hiſtory we ſhall behold a poor and wretched 
inſect loſe by degrees all motion, and, in a 
pearance, ſtand conſigned to death and the 
grave; in which ſeemingly hopeleſs condition, 
owever, all its former limbs acquire an ex- 
traordinary degree of perfection, till, at laſt, 
riſing from the ſepulchre in all the gaiety and 
magnificence of the richeſt ornaments, and 
moſt reſplendent colours, it no longer continues 
a reptile, creeping upon the earth ; but, ſoar- 
ing into the air, changes its flow and heavy 
pace into the moſt nimble and unreſtrained 
flights. | | 
This creature, in its painful and humble 
ſtate of life, ſupports itſelf with crude and 
undigeſted food ; and, ordinary as this refreſh- 
ment is, the inſe& is obliged to earn it with 
much labour and danger : but when freed from 
the jaws of death, and after paſſing through a 
ſecond infancy, the pureſt nectar becomes its 
portion, and the air its element. It raiſes it- 
ſelf boldly toward the ſkies, and roves at 
pleaſure from meadow to meadow, and en- 
Joys, without care or concern, the exquiſite 
juices which bounteous nature has prepared 
for its uſe, and preſents it from the unſul- 
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lied cups of the moſt fragrant and beautiful 
flowers. | 

It has now put off its old body; and the 
entrails, which were before ſupplied with 
coarſe food by the painful operation of the 
teeth, and which digeſted this food by a vio- 
lent trituration of the ſtomach, are become 
more tender, delicate, and fine, ſo as only to 
ſuit a more pure and elegant aliment: and 
often the happy creature is enabled to live 
ſeveral months ſucceſſively, without the leaſt 
want of nouriſhment. 

To ſum up all theſe wonders in a few 
words, the creature, that heretofore crept upon 
the earth, now flies freely through the air; 
ſips its food, inſtead of chewing it; and, far 
from creating our averſion by its frightful 
prickles, and foul appearance, it attracts our 
admiration by the moſt elegant ſhape and 
cloathing ; and from being ſcarce able to move 
upon the humbleſt ſhrubs, acquires ſtrength 
and agility to tour in its lofty IA am far 
above the talleſt inhabitants of the foreſt. 

All theſe ſurpriſing, and indeed almoſt in- 
comprehenſible changes, from indigence to 
affluence, from contempt to glory, from labour 
to eaſe, will be amply deſcribed in the follow- 
ing hiſtory, and every one may eaſily under- 
ſtand how they can happen, and are actually 
effected, | 

By comparing theſe ſtrange viciſſitudes with 
the wretchedneſs of our own preſent life, our 
death, and reſurrection; and examining like- 
wiſe the cauſes of our miſery, and the beſt 
methods of ſubduing, and even eradicating in 
ourſelves, the latent ſeeds of decay and de- 
ſtruction, in order to prepare our ſouls and 
bodies for a glorious reſurrection ; we ſhall, 
beſides the moſt innocent and becoming plea- 
ſure, reap very conſiderable and laſting advan- 
tages, by being powerfully excited to praiſe 
God, without intermiſſion, as he deſerves, 
from theſe ſurpriſing effects of his wiſdom and 
power, now clearly laid open to our in- 
ſpection. 
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A deſcription of the external parts of the Caterpillar, and a difſefticn of the iu. 
| ternal, fo as to give a ſatisfaftory account of the blood, muſcles, kidney-ſhaped 
parts, flomach, gullet, inteſtina cœca, or cloſed guts, filk-bags, fat, pulmonary 


tubes, heart, brain, and nerves, 


HERE are a great number of Cater- 

_ pillars that become, after their change, 
diurnal or day Butterflies, that are found feed- 
ing on nettles, with which they ſupport them- 
ſelves; ſometimes devouring that plant to ſuch 
a degree, as to leave nothing but the ſtalk re- 
maining. It is of theſe I intend to ſpeak in 
this place. They are very common in Hol- 
land, during the ſummer months. The ſkin 
of this inſe& appears thick ſet with very ſharp 
prickles, Tab. XXXIV. "> 1.4, At its full 
owth, it is almoſt an inch and a halt long. 
I: is of a deep brown colour, except on its ſides, 
which are of a yellowiſh green, ſomething in- 
clining to white. Theſe Caterpillars differ ſo 
much from each other in this reſpect, that, in 
point of colour, it is impoſſible to deſcribe them 
diſtinctly. This little inſect has fix legs on 
that part of the body which is next its head: 
of theſe legs, I have here delineated only the 
three that belong to one fide, 5. The middle 
part of the body is furniſhed with eight legs 
more, four on each fide, c; beſides which 
there are two others that ſpring from the divi- 
ſion forming the tail, 4. That the conſtruc- 
tion of this Caterpillar may be the more per- 
fectly underſtood, I ſhall repreſent it as it ap- 
ars, ſomewhat magnified by a microſcope. 
Thus we ſhall ſee, that, counting the head a 
tail, it is compoſed of thirteen annular divi- 
fions, Fig. 11. 1, 2, 3, 4, &c. The head is of 
a horny ſubſtance, or like bone, and of a 
ſhining black colour ; and, here and there, it is 
covered with a kind of hair like briſtles. On 
each ſide of the head are fix black eyes, aa, 
and under the eyes the antennæ, 45. There 
is a lip on the lower part of the diviſion which 
conſtitutes the head, and under and near the 
lip are placed the teeth, cc. Near the teeth 
are three little protuberant ſpots, the middle- 
moſt of which is a nipple, or papilla, 4, from 


which the Caterpillar emits a kind of thread ; 


which will be hereafter conſidered. 

There are ſome briſtly hairs on the ſecond 
ring, and under theſe hairs is a black ſpot, 
above the firſt pair of legs. This is the firſt of 
the puncta reſpiratoria, or points of reſpiration, 
by which the inſe& breathes. The legs, e. 
conſiſt of various joints, compoſed of a bony 
or horny ſubſtance; and each is terminated b 
a claw of the ſame ſubſtance, and of a deep 
red colour, There are no openings for reſpi- 
ration on the third and fourth rings, as. well 


becauſe the wings of the futute Butterfly lic 


againſt thoſe rings under the Caterpillar's ſkin, 


as becauſe ſuch breathing-holes would greatly 
obſtruct the motion of the limbs. The third 
ring has on each fide two ſharp and briſtly 
hairs, which, at ſome diſtance from their 
roots, produce many others. The two lower 
of the original hairs, which are likewiſe the 
leaſt, are of a white, and the two upper ones 
of a black, colour. 

The fourth ring is of the ſame form with 
the third; but as I have repreſented it a little 
ſideways, there appears on it only one pair of 
briſtles. The legs, Tab. XXXIV. Fig. 1. /g. 
placed on both theſe rings, reſemble exactly 
thoſe of the ſecond ring. Between the hairs 
already mentioned, there are others, which I 
have been obliged to omit in the figure I have 
7 for fear of rendering it confaled. Theſe 
aſt hairs are white, and they ſpring from 
whitiſh ſpots in the center of a black ground. 

On each fide of the fifth ring there are three 
briſtly hairs, with one exactly on the middle 
of the inſect's back, h. The firſt and largeſt 
pair of theſe hairs, i, lies a little ſlanting, on 
account of the ſingle hair on the middle of the 
back. The ſecond pair, or that next to the 
firſt, riſes over the points of reſpiration; and the 
third pair, &, under thoſe points, on the decli- 
vity of the belly. I have, to avoid confuſion, 
omitted the lateral prickles; but have repre- 
ſented the others juſt as they appear, covering 
almoſt every ring of the body. The rings 
that follow, all to the thirteenth, are exactly 
of the ſame form, with breathing-holes in 
every one cf them; ſo that the inſe& has no 
leſs than eighteen of theſe openings diſpoſed 
along its ſides, with a blackiſh edge or border 
to every hole. 

The fifth and ſixth rings have no legs an- 
nexed to them; but the ſeventh, eighth, ninth, 
and tenth have each a pair, ſpringing from the 
lower part or belly of the inſet. Theſe legs 
are covered with a fine membrane, conſiſtin 
of many joints, and are armed with little red 
2 111% ſet round the extremities of their 
egs. 

The eleventh and twelfth rings are likewiſe 
without legs. The only pair, in this part of 
the inſect, ſprings from under the tail, m m. 
The ring, conſtituting this part, has but one 
pair of ſharp hairs, 
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The anatomy of 


Heine thus ſuccinctly deſcribed the 
external conſtruction of this Caterpillar, 
Jam now to exhibit and demonſtrate its in- 
ternal parts. The firſt thing that preſents itſelf, 
on opening the back of this inſect, is the blood, 
which flows freely from it. This is of a tranſ- 
parent green, and may be made ule of as a 
88. for that purpoſe; though, as it dries by 


being expoſed to the air, it Iofes much of its 


original luſtre, and by degrees turns yellowiſh. 
There next appear, immediately under the 
ſkin, the muſcular fibres, which ſerve to move 
the rings of the body. On raiſing of theſe 
fibres, the fat appears, as likewiſe the heart, 
known by its ' panting motion: this I ſhall pre- 
ſently deſcribe. On the hinder part, upon the 
back, and between the laſt rings of the body, 
there are two ſpots or particles, with ſome 
diviſions in them, Tab. XXXIV. Fig. 111. not 
unlike the kidneys of men or quadrupedes. 
On opening theſe ſpots, they are found to con- 
tain ſome veſſels, and to have a connexion 
with the lower rings, by means of ſome {lender 
filaments, and certain pulmonary tubes. In 


my opinion, theſe particles do not attain their 


full growth and perfection, till the inſect be- 
comes a Butterfly. This appears plainly enough 
in Silkworms, whoſe teſticles ſpring from this 
pore _ T ſhall therefore reſerve what more 1 


have to ſay, on this ſubject, for my deſcription 


of the Butterfly, as they appear only in an 
embryo-ſtate in the Caterpillar. 

Removing the parts already mentioned, we 
come at the ſtomach. This almoſt entirel 
fills the Caterpillar's body ; and, though it be 
ſo very capacious, is always as full as it can 
hold, the inſect being extremely voracious, ſo 
that it hardly ever deſiſts from eating a ſingle 
moment. During this part of its life, it ſeems 
entirely confined to the two operations of 
taking in its food, and diſcharging its excre- 
ments; by which means it acquires its proper 
ſize in a few days. The gullet, Fig. Iv. a, is a 
ſmall and flender tube, which running from 
the forepart of the ſtomach to the mouth, 
through a flit in the ſpinal marrow, juſt under 
the brain, and growing larger and larger in its 
progreſs, it forms a communication, for the 
inſect's food, between the mouth and ſtomach. 
I have repreſented only a few of the pulmo- 
nary tubes, 45, in the forepart of the ſto- 
mach, where they appear like ſo many veſſels, 
elegantly diſperſed over its ſurface, and ſupply 
it with the vital air from every fide. Amongſt 
theſe tubes 1s to be ſeen a tendinous ligament, 
cc, Which runs, both above and below, from 
one end of the ſtomach to the other. It ariſes 
from td tendons of the muſcular fibres be- 
longing to this part. Theſe muſcular fibres 


are ſeen diſtinctly through, and I have repre- 


ſented them on each fide of the ſtomach, 4d d; 


but, to avoid confuſion, I have been obliged to 


leave out the pulmonary tubes, that are to be 


the Caterpillar. 
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ſeen in the inſe in the ſame place. The ſto- 
mach conſiſts of three coats. The outward ' 
coat, upon which the pulmonary tubes are 
diſtributed, is very thin: the next is thicker, 
and muſcular; the third, which immediately 
contains the ſubſtance that is to be digeſted, is 
very delicate like the firſt. 

On the upper and lower parts of the ſto- 
mach are placed ſix cloſed guts, which, de- 
ſcending towards the thick gut, there termi- 
nates in little tubes, that have no paſſage. 
Theſe ſix little guts, which are here repreſented 
out of their natural ſituation, by returning upon 
themſelves, and running back towards their 
origin, form, as it were, twelve inteſtines; fo 
that, on parting them from the ſtomach, and 
e them orderly along its ſides, there 
appear ſix on each part. Theſe little guts ariſe 
on each ſide, from a trunk, in form of a knot, 
Tab. XXXIV. Fig. iv. ff, which ſprings from 
the inteſtine that immediately ſucceeds the 
ſtomach ; and then again, being divided into 
fix tubules, theſe run back towards the thick 
inteſtines, g g, againſt which they are folded 
and curled in a moſt ſurpriſing manner, 5b. 
One of the thick inteſtines, 2, in which the 
excrements are reduced to form, is here repte- 
ſented alſo; and this thick inteſtine ends in - 
the rectum, or ſtraight gut, &. 

On removing the ſtomach, there appear very 


plainly two little canals, Fig. v. aa, which before 


had ſeveral windings, and lay againſt the ſides 
of the ſtomach. Theſe canals aſcend to the 
forepart of the head, where I traced them 
very high, as far as the brain; but could fol- 
low them no further, ſo that I cannot aſſign 
their abſolute origin. On the forepart they 
are very fine and lender, &; but afterwards 
dilate greatly, c, till at laſt they terminate in 
two ſharp filaments, d, which have their in- 
ſertion near the cœca, or cloſed inteſtines. 

It is no eaſy thing to determine the uſe of 
theſe little parts from the difſcCtion of the Ca- 
terpillar: to pretend to gueſs at it, would be 
folly. Our bulineſs is to find out the inten- 
tions and operations of nature, not to contrive 
them. At firſt, I took theſe for the filk-bags 
of the Caterpillar, on account of their great 
reſemblance to thoſe of the Silkworm. But I 
was aſt&rwards convinced of my miſtake, by 
finding them unaltered in a Caterpillar, that 
had made its web. This circumitance may 
ſerve to convince us, that they mult be of ſome 
uſe to the future Butterfly, 

The real ſilk- bags of the Caterpillar are not 
more than one fourth part ſo large as the veſ- 
ſels, which at firſt paſſed upon me for ſuch; 
for the Caterpillar ſpins but very little; and I 
have therefore omitted, as not much worth 
notice, the repoſitories of the matter with 
which nature has ſupplied her ſor that purpoſe. 

After the foregoing parts have been exa- 
mined, the fat becomes conſpicuous. This 


: ſubſtance, - 
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fabſtance, in a manner, takes up all the inſide ſeription of this organ, repreſents only a part 
of the Caterpillar, not filled by the ſtomach, of AEM | 
the head and tail not excepted. It is of a yel- It is no eaſy taſk to get a fight of the brain 
lowiſh colour; but here and there inclines to and ſpinal marrow in healthy Caterpillars, on 
white. As to its form, it looks like a congeries account of the great quantity of fat that in- 
of little membranes, folded one over the other; volyes theſe parts; ſo that ſickly inſects, or 
but differing greatly in conſtruction and texture, thoſe which have been otherwiſe waſting for 
The fat ſerves to this amongſt other purpoſes, ſome days, with conſtant labour, are the fitteſt 
that it binds and ſupports the pulmonary tubes, for this purpoſe. The incifion muſt be made 
which are diſtributed through it in great in the back, as the brain and ſpinal marrow 
numbers: oF | lie in the abdomen. The brain is compoſed 
The pulmonary tubes ariſe from three re- of two hemiſpherical lobes, F ig. VI1, a, placed 
markable pairs of branches, which are ſeen on juſt over the inſertion of the gullet into the 
each ſide in the breaſt, belly, and tail of the mouth ; and under theſe lobes are to be ſeen 
Caterpillar; and the pulmonary tubes, propa- the heads of the ſpinal marrow, compoſed of 
gated from every part of theſe branches, com- two nerves, 36, which unite at ſome diſtance, 
municate with each other at every one of the and form the firſt knot or joint, c, from whence 
points of reſpiration. In theſe parts alſo are nerves are diſtributed to the muſcular parts of 
to be ſeen a great many ramifications of pul- the head. The marrow then parts again into 
monary tubes, which ſpread themſelves all over two branches; and the nerves, 4d, {pringing 
the body, ſo that no part of it can be aſſigned, from thoſe branches, are diſtributed amongſt 
not even any of its horny ſubſtance, that is not the muſcles of the neck. Another conjunction 
furniſhed with its pulmonary tubes. | of the main nerves forms the ſecond little knot 
The beſt way to ſee the heart, Tab. XXXIV. or joint, e, which is ſomewhat leſs than the 
Fig. vi. 4 4, of the Caterpillar, is by laying it firſt. From this ſecond knot or joint iflue two 
on its back, and then opening the belly. It branehes, as from the firſt ; and theſe branches 
is then found, that this organ extends from unite again, to form the third joint or knot, 
one end of the body to the other. It pervades whoſe ramifications are diſperſed amongſt the 
the tail, belly, and breaſt; and thence ſtretches muſcles of the thorax. Here the marrow di- 
very high up to the brain itſelf. This heart is vides itſelf again for the third time, and runs 
an oblong, delicate, and lender little tube, in this divided form a conſiderable length, /, 
which widens in ſome places, and again grows before it coaleſces into the fourth knot or joint, 
narrower in others. It is furniſhed with ſome g; to which ſucceeds, after a ſhorter ſepara- 
pulmonary tubes, and with ſome muſcular and tion, the fifth, 4, Theſe laſt joints or Locks 
fibrous hairs, which run part ee ls and ſupply with nerves the muſcular parts of the 
part croſſways, and require a great deal of art embryo legs and wings of the future Butterfly, 
and induſtry to diſcover them. This tube con- After this, the marrow parts no more ; but it 
tracts itſelf by the help of its own fibres, and has however fix more joints or knots, beſides 
is dilated again by the joint efforts of a pro- thoſe already taken notice of, making eleven 
digious number of muſcles, 36/0 b, of a in all; of which the fixth :, the ſeventh 4, 
ſingular form, which grow on its outſide; the eighth /, the ninth , and the tenth u, 
and, though eaſily ſeparated and diſtinguiſhed emit each four nerves, all diſperſed among the 
from one another, they look, at firſt fight, viſcera and the muſcular parts of the abdomen. 
as if they were but one continued muſcle. Finally, the laſt knot, o, beſtows all its nerves 
The deſign I have given, to illuſtrate the de- upon the tail. 


e + os 0 


The manner in which the Caterpillar is changed into a Chryſalis or Aurelia, with 
the true explanation of what the Chry/alis is. This chapter contains alſo ſome 
anatomical obſervations, and ſome other curious remarks concerning the Chry= 


alis and Butterſiy, 


© 


WHEN the Caterpillar has fed ſuffi- finiſhed, Tab. XXXV. Fig. Iv. a, the Cater- 
ciently, it reſts for ſome time. In this pillar ſtrikes into it the claws of the two legs 
period, all the food it has taken is thoroughly under the tail, and afterwards forces in the tail 
digeſted. It then forms a pretty ſtrong web itſelf, by contracting thoſe claws, and violently 
upon the ſtalks or leaves of the plant whereon ftriking thoſe legs againſt one another: and, as 
it fed: but this web, on account of its great ſoon as the tail is thus well ſecured, it lets itſelf 
| delicacy, is not eaſily ſeen; unleſs the inſet be hang in the air, with its head downwards, by 
put into a little box, with a piece of black looſening the hold it hitherto kept of the plant 
paper for it to work on. Then its web, how- with its other legs, © Rab 
ever ſlight and tender it may ſometimes be, But I think it proper to deſcribe the limbs of 
ſhews itſelf very plainly. This web being the FUE that grow under its {kin, before 


— 


— Do = = — - -_ - 


. CCC — 3 * — — — n — = A — =4 =» — — - 
— - — — — — — _ — — — = — — _—— ——_ * — 2 — I — — 
. - . — — — = _ — — WE 2 > — 
a — — — — — — 4 —_ _ 
— — — — — — = ——— VÜ22— —L—ê— — — — — — — 


——5riꝗỹ — 
- — — 


— 


— — 


a a . ⁵ 7 - 5 


14 


I proceed any further in ſhewing how it throws 
this ſkin off; for it is neceſſary to know theſe 


- particulars, in order to acquire a true and juſt 


idea of the nature of the Aurelia. This, in- 
deed, is no more than a beautiful and orderly 
external repreſentation of ſuch limbs of the 
Caterpillar as have grown under its ſkin : for 
though the limbs, now mentioned, may be ſeen 
under the inſect's ſkin, at the time it crawls 


and eats in the form of a Caterpillar, neverthe- 


leſs it is, in this ſtate, on account of their ex- 
treme tenderneſs and delicacy, a very difficult 
matter to have a ſatisfactory view of them. 
They are, in a manner, as fluid as water; and 
they lie folded up in many very tender mem- 
branes, interwoven with pulmonary tubes. The 
beſt time to obtain an elegant view of them, is 
when the Caterpillar is juſt about throwing off 
its ſkin, and exhibiting to open view the mira- 


culous operations of nature, which it hitherto 


concealed, | 

By ſtripping the Caterpillar of its ſkin at this 
period, we may perfectly gratify our curioſity 
in this reſpect: we may then plainly perceive, 
that it has two antennæ or horns, Tab. XXXV. 
Fig. 11. 2a, and the two ſhanks of a trunk, 45. 
There are alſo viſible two ſharp protuberances, 
cc, which may be very well called the forks, 
or furcille of the future inſet, on account of 
their great reſemblance to thoſe parts. The 
eyes, 4d, ſhew themſelves alſo, under theſe pro- 
tuberances; and a little backwards, in the tho- 
rax, are four wings, ee. Theſe lie in folds 
under the ſkin, like all the other parts, ſo that 
they may be conſiderably extended. Near 
thc'e wings there appear fix legs, ſpringing 
from the thorax: theſe have changed their 
ſkins. All the other ten legs, with their inte- 
guments, have now been thrown off, with the 
common ſkin; of which, as already obſerved, 
it is neceſſary, upon this occaſion, to ſtrip the 
inſet, The ſame happens to the ſharp- pointed 
hairs that grow on the Caterpillar's back ; but 
theſe jait leave very conſiderable marks behind 
them. Laſtly, the other rings of the body, 


% and the tail, g, ſhew themſelves in their 


proper places, 

Having duly attended to the foregoing par- 
ticulars, and fixed them deeply in our memory, 
as the foundation on which 1t is intended we 
ſhould build all our future inquiries; the next 
buſineſs is to obſerve, how wonderfully all theſe 
parts are placed and diſtributed under the ſkin. 
But here I muſt obſerve, that they do not na- 
turally lie in the ſame order and manner in 
which, for the ſake of perſpicuity, I have re- 
preſented them ; ſo far from it, that the extre- 
mities of the four wings are encloſed in the 
ſame ſkin with the four hinder legs of the firſt 
ſeries; and the horns, trunk, and furcillæ, 
are folded and laid up within the ſkull in a 
moſt ſurpriſing manner. 

Theſe little horns, or antennæ, are fixed by 
an articulation, Fig. 111. aa, to the forepart, at 
the baſe of the head, where they form ſome 
windings and turnings under the ſkull near the 
eyes, and againſt the baſe of the trunk; to all 
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which parts they are faſtened, by means of a 

reat many membranes full of ligaments. This 
is their natural fituation ; from which I haye 
been obliged to deviate in my delineations, the 
better to exhibit the other parts which they 
cover, and likewiſe becauſe I cannot now ſpare 
the time requiſite to make two drawings, 
which it would be otherwiſe neceſſary to give. 
The proboſcis, or trunk, Tab. XXXV. Fig. m1. 
bb, is folded up alſo in a ſurpriſing manner, 
and placed in the forepart of the ſkull; but 
here I repreſent it as drawn out a little. The 
forks, or furcillæ, likewiſe, cc, are plaited and 
folded up. Under theſe forks lie the eyes, 4d. 
We may perceive, in the middle of the head, 
that portion of the ſkin which lies under the 
middle of the ſkull, e, and there joins the root 
of the trunk or proboſcis, ff. Between the 
foldings of the proboſcis appear two ſmall 
parts, lying againſt each other, g. Theſe are 
called furcillæ in the Butterfly, becauſe the 
trunk, when curled, hides itſelf between them, 
as between the two tines of a fork. All theſe 
things are ſo wonderful, that I have thought it 
beſt to repreſent them larger than the life. 

The particulars here named, being rightly 
underſtood, the change, or, ts expreſs myſelf 
more properly, the growth of the creature from 
the Caterpillar-ſtate into an Aurelia, cannot 
but appear plain and intelligible ; for the whole 
operation conſiſts in this, that the Caterpillar 
caſts its ſkin, and ſhews the parts which hither- 
to lay concealed; unfolds its limbs, and ar- 
ranges each in its right place with great regu- 
larity and order. 'This is the whole operation, 
to which ſo many authors have ſubſtituted a 
monſtrous metamorphoſis, or abſolute change 
of one creature into another, not to be found 
any where but in their own miſguided imagi- 
nations. What wonder then, if, in their vain 
and idle attempts for ſome hundred years paſt 
to explain this metamorphoſis, they ſhould 
have met with no ſucceſs? Thus it is, that we 
are apt to err, when, depending too much on 
our own reaſon and imaginations, we fit down 
contentedly in our ſtudies, and feed ourſelves 
with our own weak fancies, inſtead of looking 
for truth into the magnificent works of the 
Creator, though ſuch inſpection alone can give 
us juſt notions of what we defire to know. 

There is no difference between the Chryſalis 
and the Caterpillar, but that the former lets us 
ſee more plainly the limbs and parts of the 
future Butterfly, notwithſtanding the ſkin, 

hich yet encloſes them. For as ſoon as the 
Seri has finiſhed its web, Tab. XXXV. 
ig. I. a, and has fixed in it, by means of its 
crooked claws, the hinder part of its body, it 
lets itſelf looſe, and hangs head downwards, 
as already mentioned, contracting itſelf almoſt 
into a ſemi-circular form. In this condition 
the creature grows ſhorter, and ſmaller, by 
degrees; and this indeed fo ſenſibly, that the 
eye may eaſily trace its progreſs : for the third 
and fourth annular diviſions of the body, 5, are 
ſo remarkably ſwelled and expanded at this 
time, by the blood and air that dilute the en- 
5 cloſed 


cloſed wings and legs, that the reſt of the 
body, drained of its juices, muſt of courſe 
become proportionably ſhorter. The ſame al- 


the eyes, and horns ; all which equally ſwell 
and expand themſelves, and endeayour to make 
way for their laſt increaſe. NY 

By the time the Caterpillar has hung in this 

manner fifteen or eighteen hours, it ſo entirely 
loſes the power of all its ſixteen legs, as not to 
be able to make the leaſt uſe of them to crawl, 
or ſtand. The rings of its body then begin to 
move up and down, in a very ſenſible and fur- 
priſing manner. Then the eight legs, c, in 
the middle of the body, grow leſs and leſs by 
degrees, caſt their ſkins, and are turned towards 
the tail, Fig. 1v. 2. The fix fore legs, Fig. 1. 
d, move upwards in like manner, and ſeparate 
themſelves from each other, Fig. 1v. 6. Soon 
after the black horny bone of the ſkull be- 
comes ſplit into three diſtin&t parts, by the 
ſwelling of the trunk, horns, and the other 
parts lodged there, that lie under it. Of theſe 
three parts of the ſkull, one is in the middle, c, 
and the other two, de, are on the right and the 
left. This being accompliſhed, the firſt ob- 
ſervable change is the breaking out of the 
forks, or furcillæ, from under the ſkin that 
covered them, f f. 
As the Caterpillar ſtill continues to move its 
body, the four pair of legs in the middle of it, 
Fig. v. aa, are by degrees thruſt quite up to 
the tail, with the reſt of the ſkin; and the 
ſame thing happens to the two pair of the fix 
legs of the firſt ſeries, O. By this means the 
forks, c, become ſtill more viſible, and the 
trunk, horns, and wings, begin to ſhew their 
form. Laſtly, the three pieces of the ſkull, d, 
into which it burſt, are tound to be drawn up 
higher over the body. 

The ſkins being at length entirely depoſited, 
all the parts, now mentioned, appear very 
plainly expanded over the body, Fig. vi. a, 
which, by this means, acquires a form altoge- 
ther different from that which it before had. 
The wings, horns, trunk, and forks, which 
before were folded up and hid under the ſkull, 
and the horny ſubſtance of the legs, are now 
diſplayed ; and the rings of the abdomen are 
alſo gathered up cloſer to one another. The 
Caterpillar is now dignified with the name Au- 
relia, remaining all this time fixed to the web, 
b, by its claws. But as this cannot be fo well 
made to appear by a figure no bigger than the 
inſect itſelf, I ſhall give a drawing of theſe 
parts as magnified by the microſcope. 

In the firſt place appear the furcillæ, or 
forks, Tab. XXXV. Fig. vII. aa; then the 
middle part of the head, placed under the 
ſkull, 5: the root of the trunk, cc. The pro- 
boſcis, or trunk itſelf, divided into two fila- 
ments, dd, and ſtretched lengthways upon the 
body, e. Under the trunk lie the firſt pair of 
legs, V, whoſe articulations are placed a little 
lower. Next to theſe are placed the ſecond 
pair of legs, gg, which are ſtretched out to a 
greater length, and theſe ſhew their articula- 
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terations take place in the trunk, the forks, . 
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tions at the extremities. Near theſe are placed 
the little horns, & b, whoſe articulations alſo are 
very conſpicuous. It appears that they are very 
thick near their points, zz, and on the fore- 
part they bend themſelves back under the eyes, 
& &; but this circumſtance appears better in the 
third figure, under the letters aa. The wings 
are ſtretched along the ſides, in the ſame man- 
ner with the parts already mentioned, ////, and 
ſhew very plainly the little ribs or nerves that 
go to form them, mm. The rings of the ab- 
domen appear drawn toward one another, 7 7, 
with ſome little prickles ſtripped off their ſkin, 
which look like ſo many little prominent nip- 
ples, or 3 This beft appears by inſpect- 
ing the left ſide of the figure, where ſome of 
theſe prickles are repreſented growing upon the 
inſect's back, oo. Above theſe prickles there 
appear four breathing-holes, or puncta reſpi- 
ratoria, Laſtly, the tail, p, is very conſpicu- 
ous, as well as the claws, 9, that grow to it; 
and by means of theſe the Chryſalis hangs to 
its web. The hind legs are not to be found 
in this figure, becauſe they lie hid under the 
other parts which it was drawn to exhibit. 
The fame muſt be underſtood of the under 
pair of wings. |, 

On turning the inſet, thus changed and 
ſtripped of its ſkin, Fig. viii, a, on its belly, 
it appears of a very extraordinary figure, the 
ſurface of it looking exactly as if covered with 
prickles and nipples; which is owing to this, 
that the ſharp-pointed hairs of the Caterpillar 
have caſt a ſkin, as well as the other parts. A 
perſon, unacquainted with this branch of na- 
tural hiſtory, might, by giving in this place a 
little looſe to his imagination, repreſent to him- 
ſelf the noſe, eyes, and other parts of the 
human face, as ſome authors have already very 
ignorantly done; nay, they have given draw- 
ings of their idle conceits. 

Ignorance is fruitful in falſe opinions, and is 
uſually ANAL Beg i with ſo much ſelf-ſuffi- 
ciency, as makes it in a manner impoſſible to 
overcome its prejudices; whereas thoſe who 
have a tolerable ſhare of knowledge, are in the 
readieſt way to diſcover their miſtakes. 

The Caterpillar, ſtripped of its ſkin, in the 
manner now related, is of a green colour, 
eſpecially in thoſe parts which are diſtended by 
an extraordinary afflux of the blood. But after 
ten or twelve hours paſſed without its ſkin, it 
turns to the moſt reſplendent and beautiful 
gold colour. This is the reaſon of its being 
called, in this condition, an Aurelia or Chry- 
ſalis. And as it is found ſo common by every 
pathway, ſticking to nettles, and ſhining like 
222 gold, faſtened to the leaves of the 

ervinca, or periwinkle- plant, authors have, 
from this circumſtance, taken occaſion to give 


the name of Aurelia to all Caterpillars, changed 


after the ſame manner in point of ſhape, tho 
the greateſt part of them do not in the leaſt 
partake of this rich colour, and the reſt have 
nothing of it more than a few ſpots. | 
It now remains that I ſhould ſhew, in a few 
words, in what manner all the laſt enumerated 
parts 
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arts are extended, and diſpoſed over the in- 
fect's body, in the orderly manner in which I 
have exhibited them. All this will become 
very intelligible to thoſe, who will call to mind 
what 1 already faid, viz. that the extremities 
of the four wings, with the two hinder pairs 
of legs of the firſt ſeries, are encloſed in one 
and the fame ſkin ; that the horns are folded 
up in membranes full of ligaments; and that 
the trunk is in the ſame manner firmly faſtened 
on the forepart of the ſkull. This being the 
eaſe, it is impoſſible but that, on the pieces of 
the broken full, the withered legs, and the 
other ſkins, rolling up towards the tail, all 
the new limbs, here mentioned, muſt diſplay 
and arrange themſelves in the moſt beautiful 
manner, and by the juſteſt and moſt orderly 
evolutions; for the membranes I have named, 
that are ſo full of ligaments, act the part of fo 
many ropes and pullies to extend theſe new 
parts, in proportion as the old are thruſt 
over them. Now, if this change was to hap- 
pen in ſome creature of a larger ſize, one, for 
example, equal to a Sheep or a Calf, is there 
any one fo inſenſible, as that he would not be 
{truck with the deepeſt aſtoniſhment at the 
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fight and contemplation of ſuch wonders of 
the Divine Power? Certainly, God reveals 
himſelf as much and more in thoſe myſterious 
and delicate operations, which the microſcope 
alone can diſcover. Thus then, we at len 
fee evidently in what the change of the Cater- 
pillar into a Chryſalis confifts, and what that 
Chryfalis or Aurelia, or the Caterpillar which 
has caft its ſkin; really is; though the great 
Harvey molt prepoſterouſly confidered it as an 
egg, and, enthralled by vulgar prejudices, ſeri- 
outly affirmed the ſucceeding Butterfly to be 
generated by a metamorphoſis, which, after 
all, he could neither explain or comprehend. 

When the little creature has hung in the 
open air for ſome hours, its external skin 
hardens by the power of that element; at the 
ſame time that the encloſed limbs are, in a 
manner, fluid like water, on account of their 
great delicacy and tenderneſs ; fo that it has no 
power to move its wings or legs, till the ſuper- 
fluous humidity, that clogs them, is evaporated! 
then burſting its priſon, it appears in the ſhape 
of a Butterfly; as ſhall be preſently ex- 
plained &. 


The anatomy of the Chryſalis, two days after it has caft its ſin. 


T IIE eyes were yet ſo tender and delicate, 
that they diſſolved with handling. The 
forks likewiſe were very moiſt ; but, notwith- 
ſtanding this, the articulations were very con- 
ſpicuous ; though, ſor the greateſt part, they 
appeared like membranes, juſt beginning to 
harden. The legs were in the fame condition 
with the ſorks; but, on account of the pul- 
monary tubes which appeared through their 
ſurface, they looked ſomewhat more firm. 
'Fhe ſame thing may be ſaid alſo of the horns. 
The wings within were quite colourleſs, and 
like a jelly; ſhewing, through their tranſpa- 
rent ſubſtance, pulmonary tubes, compoſed, 
as it were, of mother of pearl. 

As to the internal parts, the change in them 
is much more ſenſible. The ſtomach is con- 
filerably thortened, whilſt the gullet is grown 
twice as long as it was in the Caterpillar, and 
runs in the form of a ſlender tube through the 
thorax mto the abdomen. In the hinder part, 
the ſtomach is reduced to a ſlender gut, and 
becomes fo very tender, that it breaks with the 
leaſt touch : within this is found a fluid mat- 
ter, of a deep red colour, inclining to purple, 
but not very thin. Under this there appears a 
kind of chalky ſediment, of a ſomewhat paler 


colour. The fix cœca, or cloſed guts, that 
before joined the ſtomach, are now waſted 
away, and no longer to be ſeen. 

The heart and the ſpinal marrow are be- 
come much ſhorter ; and this is all the<onſi- 
derable alteration that appears in theſe parts: 
The particles, which I once miſtook for the 
Caterpillar's filk-bags, are now become more 
ſlender, but more compact. The muſcles of 
the thorax, and thoſe which are to move the 
legs and wings, have not the leaſt {ſtrength or 
firmneſs, ſo that on diſturbing them, they im- 
mediately fell to pieces. The fat is grown 
yellower, thicker, and more friable, ſo as to 
crumble with the lighteſt touch. The pul- 
monary tubes are become ſmaller, and they 
are carried in the moſt elegant manner through 
the legs, wings, and other parts. There is a 
purple nodule, or knot, in ſhape nearly round, 
ſticking to the lower rings of the body. I 


could not now diſcover the kidney-like parti- 


cles, though I ſearched for them carefully in 
three diftm& Aureliæ: but I have obſerved in 
Caterpillars of another kind, that theſe parti- 
cles at length unfold themſelves, and then ſeem 
to form ſome other parts, which adminiſter to 
the ſpermatick organs. 


be repeated experiments of ſucceeding naturaliſts have, in every inſtance, confirmed the doctrine of this author on the preſent 
ſubject. The indefatigable Reaumer proved the truth of this evaporation of the abundant moiſture from the Chryſalis, by different 
experiments. He encloſed the Chryſalis in a glaſs tube, and he found the evaporated water collected in drops at the bottom of the 
tube: he covered the Chryſalis with varniſh ; and this making the evaporation more difficult and flow, the Butterfly was two months 


longer than its natural time in coming out of the caſe. The ſame author found alſo, that laying 


the Chryſalis in a warm room, 


haitened the diſcloſure of the inſet z and keeping it in an ice-houſe, in the ſame manner, delayed it, Warmth acts, in this caſe, in 
a double capacity, invigorating the animal, and evaporating the moiſture, les 
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The anatomy of a Chry/alis, fix or eight days after it has caſt its ſtin. 


HE external limbs, and other parts, as 
* the trunk, horns, legs, and wings, are 
by this time grown ſome what more dry and 
firm, though Rill they are of a white colour, 
which is changing by degrees to gray. The 
alteration in the internal parts is now much 
more conſiderable. The ſtomach, which be- 
fore might be conſidered as forming ſeveral 
diſtin& parts, is now ſo wrinkled up as to be 
all of a piece, except that here and there ap- 
pear ſome globular ſwellings above the ſurface. 
Theſe prominences are very obſervable on the 
forepart ; but not ſo diſtinctly to be ſeen, by a 


The anatomy of a Chryſalis 


F HE trunk, at this time, has acquired a 

conſiderable ſolidity. The horns ſhew 
their little ſcaly feathers; and the legs, in like 
manner, very plainly exhibit their {tiff hairs, 
reſembling briſtles: but the ſcaly little feathers 
are far from being ſo conſpicuous. The legs 
are alſo now of an obſcure gray colour, eſpe- 
cially about the joints neareſt the thorax. The 
hairs and little feathers of the wings are like- 
wile very diſcernible ; but, as yet, they are very 
moiſt, and are laid fo cloſe one upon the other, 
that it requires ſome induſtry to get a fight of 
them. They reſemble, in ſome meaſure, the 
hairs of a Cat; in which, after the ſkin has 
lain in the water for ſome days, they are 
faſtened together by the moiſture they imbibe. 
The wings now will admit of being extended, 
and ſhew, -if they be torn, their pulmonary 
tubes, and other veſſels. Their colour is an 


great deal, where the cloſed inteſtines took 
their riſe in the Caterpillar, about the hinder 
region of the ſtomach. The moiſture con- 
tained in this part is changed to a deeper purple. 
The muſcles of the thorax are become more 


conſpicuous, diſtinct, firm and folid ; and the 


fat is ſtill more and more contracted into a 
ſimple maſs. I could now plainly perceive, 
that the purple nodule, or knot, was nothing 
more than a dilatation of the rectum, or ſtraight 
gut, changed to this form. The rudiments of 
the genitals are by this time very viſible, and 
have begun to acquire firmneſs and ſtrength. 


of twelve or thirteen days. 


aſhy gray, but obſcured by a dusky tinge. All 
the parts I have mentioned are quite complete, 
and perfect, in a Chryſalis of ſixteen or ſeven- 
teen days old. By repeating this diſſection 
every day, we may, no doubt, obſerve the moſt 
extraordinary tranſitions, that ean be imagined; 
from one colour to another ; for, from a pale 
and whitiſh or faint gray, theſe parts change 
to a dark colour, a deep brown, an elegant red, 
a yellow, a sky-blue, a bright white, and many 
other tincts; and this in ſo ſurpriſing a man- 
ner, that it is almoſt impoſſible to deſcribe it: 
Gop, the author of all miracles, producing 
theſe alterations, in the nature of things, by 
rules which, at the ſame time that they are 
moſt firmly eſtabliſhed, infinitely ſurpaſs the 
ſtrongeſt * our imagination can make to 
comprehend them. 


The anatomy of a Chryſalis, of this ſpecies, of fixteen or ſeventeen days old; at 


which time it is very near undergoing its laſt change, in order to become a per feet 


Butterfly. f 


O examining the Chryſalis at this period, 

we find, that its gold colour is become 
much paler ; and it is fo tranſparent withal, as 
to let us perceive diſtinctly through it all the 
colours of the upper pair of the future But- 
terfly's wings. If we ſtrip off the skin, and 
other thin membranes that ſheath the wings, 
theſe laſt ſometimes appear perfectly dry. But 
this principally happens in autumn, when theſe 
Chryſallides are generally ſuffocated within 


their skins; the ſolar heat, at this ſeaſon, being 


too weak to ſtrengthen them ſufficiently for 
the ſtruggles which the burſting of their priſon 
requires, otherwiſe the wings always retain 
ſome moiſture. The forky particles, which I 
i have before deſcribed in the Chryſalis, now 


ſhew themſelves hollow ; and the eyes, which; 


like thoſe of Bees, are ſurrounded with hair, 


appear under them very plainly. The trunk. 
has acquired its due ſtrength, firmneſs, -and 


form, ſo that it preſently curls and coils itſelf 
up, on taking off the caſe that covers it., Un- 
der the trunk are to be ſeen the true forks, 
between which the Butterily hides that curious 
organ, as will appear in the deſign I ſhall give 
of that inſect. The horns alſo are now per- 
fect, and are covered with their little elegant 
ſcales, which reſemble feathers. The legs, with 
their little feathers, joints, and claws, are in 
the ſame . ſtate of perfection; ſo that, on 
ſtripping off the coats and membranes in 
which they are bound up, they will begin to 
play, and move themſclves very ſenſibly. 
Thoſe legs, which, in the Chryſalis, lic moſt 


expoſed. to the air, and which I have already 
repreſented in one of theſe deſigns, as they 


appear upon the inſect at that period, have in 


proportion a ſtronger skin to defend them. The 


ſame wiſe. diſpoſition is alſo remarkable in the 
skin that defends the upper and lower pair of 
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| wings. When we examine the internal parts, 
it appears that the eyes are perfectly formed, 
being replete with thin pyramidal filaments, 
in the ſame manner as thoſe of the common 
Bee, as already mentioned. There are in the 
trunk two channels, which, uniting, form 
only one in the thorax, and conſtitute the 
gullet, which ends at the ſtomach. The 
muſcles of the thorax have acquired their 
due firmneſs, and conſiſt of three kinds of 
fibres; ſome running lengthways, others tranſ- 
verſely, and the third kind obliquely. Near 
the gullet appear the three little particles, 
which I took for the Caterpillar's 
They are at this time curled into one, and 
are inſerted near the end of the gullet, to 
which they are united on each fide. A blad- 
der full of wrinkles, and endued with a peri- 
ſtaltick motion, is now ſeen on the upper part 
of the ſtomach ; and it communicates with 
the gullet, by means of a ſlender tube. This 
bladder, the ſtomach, and ſome part of the 
gullet, are full of a deep purple moiſt ſub- 
ſtance ; but the upper part of the gullet has 
nothing beſide air in it. The ſtomach, being 
gathered up into one mals, in a ſurpriſing 
manner, looks as if quite covered with tuber- 
cles. The back-part of it, like a little gut, 
is now become much more ſlender and ſhorter, 
and is wrinkled withal, ſo as to deſerve the 
name only of an inteſtine. The vaſcula cœca, 
varicoſa, or crocea, which were dropped from 
the ſtomach, appear now in the ſame place. 
Next were to be ſeen the inteſtina craſſa, or 
large guts, which, from being very ſhort in 
the Caterpillar, are now become very long and 
ſlender, and appear as if they had been 
ſtretched out to give them ſuch an extraordi- 
nary length. They then dilate into a nodule, 
or knot, full of the purple matter already men- 
tioned ; and that dilatation is followed by an- 
other, greater than the firſt; but its contents 
are the ſame. The Chryſalis, on caſting its 
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skin, diſcharges this liquid from the anus ; 
which means the nodule, or knot, next to it 
comes to be ſmaller than the other. This ex- 
crementitious ſubſtance, laid upon paper, looks 


k-bags. - 


like real blood. The ſtomach, of the Aurelia 
Il am deſcribing, is much more firm, and of a 
much better conſiſtency, than that of the Au- 
relia of two days already ſpoken of; inſomuch 
that it may be now handled with the forceps, 
and drawn out of the body with the inteſtines 
that are joined to it, without any damage or 
danger. 

The heart and ſpinal marrow are now quite 
contracted, and conſiderably diminiſhed. The 
fat is ſurpriſingly waſted away, and wrinkled 
up by evaporation, ſo as to reſemble a bunch 
of yellow oblong grapes, which are ſo firmly 
faſtened to the pulmonary tubes, that the 
greateſt care and patience is requiſite to part 
them. There appeared no other alteration in 
the pulmonary tubes but this, that they were 
grown more membranaceous, and ſhew more 
diſtinctly their muſcles, and other parts, which 
had now acquired their proper degree of per- 
fection. The kidney-like particles are now no 
longer to be ſeen: perhaps they have been ex- 
panded by a flow growth into the organs of 
generation, which now ſhew themſelves ve 
diſtinctly; but are ſo intimately united wit 
the fat and pulmonary tubes, that it is almoſt 
impoſſible to ſeparate them, unbroken and en- 
tire. This makes it neceſſary to attempt the 
diſſection of the genital parts in the Butterfly 
itſelf: I therefore hope, that, when I ſhall have 
proceeded fo far, I ſhall be able to give a ſatiſ- 
factory deſcription of theſe parts, with figures 
to illuſtrate the accounts ; provided my health 
does not fail me, and I do not want pro 
ſubjects to work upon. I ſhall likewiſe deſcribe 
at the ſame time, and in the ſame manner, the 
gullet, ſtomach, and inteſtines, with figures of 


them. 


In what manner the Aurelia aſſumes the form of a Butterfly. 


| alteration of the inſect, by the growth, 

and removal of the limbs, and other parts, hap- 
' pens in the month of June or July; it requires 
only about eighteeh days to perfect it in this ſpe- 
cies : whereas late in autum, it requires ten days 
more ; ſometimes indeed a great number of Ca- 
terpillars, by not beginning to change till the ſea- 
ſon is thus far advanced, periſh for want of 
{trength to caſt their ſkins; ſo that, on this oc- 
caſion, theſe little creatures are liable to the com- 


mon calamities of nature, and very often come 


to an untimely end. 
Nothing is more remarkable about the time 


when the Aurelia begins to caſt its ſkin, than the 
perfection to which the wings, which have 
grown under it, are arrived, The colours that 
adorn them are chiefly black, red, and a ſky- 
blue; and theſe, as well as the trunk, legs, and 


ITEN this, as I may juſtly ſay, ſurpriſing 


horns, may be very eaſily diſcerned through the 
ſkin that covers them, even without the help of 
a microſcope, Tab. XXXV. Fig. 1x. 

On examining, with a microſcope, the Chry- 
ſalis at this period, the extremities of its legs are 
obſerved to move very diſtinctly: a circumſtance 
which I have often remarked in the Aurelia of 
Silk-worms, with the greateſt aſtoniſhment. - 

The colours of the under pair of wings cannot 
be ſeen, becauſe they are altogether covered by 
the upper pair; nor are the colours of the other 
parts, juſt now mentioned, very diſcernible, be- 
cauſe there is not ſo great a variety of tincts in 
thoſe parts. For though the colour of all Chry- 
ſallides appear through their ſkins, at the time 
they are going to caſt them off; nevertheleſs, it 
is impoſſible to tell exactly what thoſe colours 
are, where there does not happen a conſiderable 
diſtinction between them and the ſtain —_— 
Hh ae lle 
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While the little creature remains in this con- 
dition, there is a violent agitation in its blood, 
and a motion in all its internal parts. The blood, 
in a haſty fermentation, is driven through the 


veſſ:is from the heart into the wings, which are 


likewiſe ſupplied with air from the lungs. The 
inſet, beſides, labours violently with its legs: 
and all theſe motions concurring with the growth 
of the wings, it is impoſſible the tender {kin 
that covers it, ſhould not at length give way ; 
and this it accordingly does, by burſting into 
four diſtin and regular pieces. 
Firſt, That part of the ſkin which covers the 
trunk, the two fore-pair of wings, the horns, 
and the furcillæ or forks *, falls off from thoſe 
parts ; but the ſeveral portions of it, in which 
they were ſeparately wrapped up, remain firmly 
united together, Fig. x. a. This is the firſt time 
the legs appear without any covering, and they 
then help greatly to free the body, and the other 
parts that remain yet bound up. At the fame 
time, the ſkin on the back flies open, and dividing 
iſelf into two regular portions, 6 6, diſengages 
the back and the wings. Then there likewiſe 
happens another rupture in that portion of the 
ſkin, which covered the rings of the back of the 
Aurelia, c. After this the Butterfly remains very 
quiet for ſome time, with its wings pointed down- 
wards, and its legs fixed in the ſkin which it has 
Juſt caſt off. 1 
But it muſt be obſerved, that the wings, legs, 
horns, trunk, and other external parts of the 
Butterfly, do by no means riſe from the body 
in the manner exhibited in the 11 Figure of 
the Table XXXV. where I have laid down all 
thoſe parts, as they appear very diſtin and 
conſpicuous in the Caterpillar itſelf, Many of 
theſe parts remain as has been already ſaid, firmly 
united to each other, the reaſon of which is, 
that they are all moiſt and wet in the Caterpillar, 
at the time when it is about throwing off its 
jkin, and becoming a Chryſalis; and this moi- 
ſture being of a clammy or glutinous nature, 
ſerves, on its being dried by the air and heat of 
the weather, as a real glue, to unite the parts it 
lies between fo firmly together, that they never 
ſeparate for the future, Now, as the ſkin, 
which lines all theſe parts, or covers them on the 
inſide, is extremely delicate and tender, which 
it well may be, as it is not expoſed to the air, it 
all breaks and flies off without any certain order; 
nor is any order neceſſary upon the occaſion, Hence 
it ariſes, that ſo many broken and ragged little 
membranes, almoſt as thin as a cobweb, appear 
on the inner ſurface of the ſkin that has been 
thrown off. One of theſe little films is to be ſeen 
between the conglutinated coats or ſkins of the 
trunk, horns, and other parts, Tab. XXXV, 
Fig. x, d. 
There likewiſe appear within the ſkin certain 
white filaments, ee, "Theſe are the caſt coats of 
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the pulmonary tubes ; for now theſe tubes caſt 
their skins for the laſt time. The greateſt part 
of the eighteen pulmonary tubes, of which I 
have repreſented nine on one of the ſides of the 
Caterpillar, in the ſecond figure of the XXXIV. 
Table, remain in the Aurelia, which breathes by 
them, until by caſting this skin it becomes a 
perfect Butterfly; and this is the reaſon, why 
the pulmonary tubes are much more flender in 
the Butterfly, than they were either in the Ca- 
terpillar, or the Chryſalis: this circumſtance 
alſo affords the Butterfly the means of taking 
more air into its body, ahd theteby renders it the 
better able to fly, to give a due motion to the 
contents of its inteſtines, to ſuck in the juices on 
which it lives, to void its excrements, and to 
perform many other operations neceſſary in the 
animal oeconomy. 

At the time when this change of skin ha p- 
pens, the wings expand ſo rapidly, that the 
naked eye cannot trace their unfolding, from 
reaching ſcarce half the length of the body, Tab. 
XXXV, Fig. xi. a, they acquire, O miracle of 
miracles, in the ſhort ſpace of about half a 
quarter of an hour, their full extent and bigneſs, 
ſo as to be each of them five times larger than 
they were before. Nor is it the wings alone that 
are thus increaſed : all their ſpots and colours 
heretofore ſo minute, as to be ſcarce diſcernible, 
5 b, are proportionably extended; ſo that what 
but a few minutes ago, appeared but as a num- 
ber of unmeaning confuſed points, are now be- 
come diſtinct and moſt beautiful ornarnents, All 
this may be conceived, by conſulting the 
x11 Figure, which repreſents the wings bigger 
than the body, and with all their colours, which 
are chiefly red and black. About the edges, 
however, here and there ſome yellow, sky-blue, 
and white ſpots, are ſeen moſt elegantly com- 
bined, which exhibit to us, though faintly, and 
as it were by ſhadows, the inexhauſtible treaſure 
of the Great Creator's treaſures, his ſtupenduous 
majeſty, and his other incomprehenſible perfec- 
tions; for though no adequate repreſentation can 
be given of the Supreme Being, he has thus 
been pleaſed to ſhew himſelf to us, diſtinctly 
and conſpicuouſly enough to engage our love, 
our adoration, and our gratitude, 

This little creature is found alſo to have four 
legs, Fig. xi. ccc, each armed with claws, 
and adorned with hairs, and a variety of colours. 
The two horns dd, lie juſt above the eyes: near 
the ſpace between the eyes, are to be ſeen the 
forks or furce ; from between which the inſect 
darts e out a double trunk, the uſe of which is to 
pump out the ſweet guices from flowers into its 
body, ſo that this organ may be conſidered as 
its tongue. When this curious part is not at 
work, it lies ſo cloſely curled and coiled up be- 
tween the forks, that it cannot be ſeen. This 
beautiful contrivance is repreſented in the x iith 


* Theſe appendages to the trunks of Butterflies have been ſuppoſed by ſome to aſſiſt in the procuring, diſpoſing, or forcing down 
the food: but the nature of the Butterflies food is a plain contradiction of that 8 for it is only a liquid, and thin honey juice. 


Reaumer has therefore, with more juſtice, alloted them the office of preſervin 


uſe. 
more tender, 


trunk from injuries, and ſupporting it in its intended 


This is confirmed by the conſtant obſervation, that theſe pieces or forks are always ſtronger in proportion, as the trunk is 


Figure, 


% 
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Figure, in which we likewiſe ſee, that the But- 
terfly's wings entirely cover its legs. The firſt pair 
of legs lie nearly under the thorax ; but they are 
now 16 altered, as not to deſerve that name; for 


the Butterfly makes no uſe of them as legs, nor 


have they claws like the others : nature, indeed, 
ſeems to have intended them for ſome other 
purpoſe. 

As the wings extend themſelves ſo ſuddenly, 
they accordingly appear at firſt like pieces of wet 
paper, ſoft, and full of wrinkles, cayities, and 
{wellings, as I have repreſented them in Tab. 
XIII. Fig. 1x. x. xi. But they are quite dry in 
half an hour, by which means all the inequali- 
ties in them entirely diſappear, ſo as to leave them 
perfectly fit for the creature's ſervice. "The But- 
terfly's tranſmutation being thus perfectly finiſhed, 
it diſcharges three or four pretty large drops of 
a bloody liquid, which are the laſt remains of the 
ſuperfluous moiſture, the reſt of which has been 
evaporated by the Aurelia during the heat of ſum- 
mer, in the ſpace of about ten days ; for as the 
parts, which this moiſture was intended to ex- 
pand, no longer need any increaſe, what remains 
of it is no other than an uſeleſs encumbrance, and 
accordingly it is expelled from the body as an 
EXCrement. 

Thus the Butterfly, in a little more than a 
quarter of an hour, acquires its full perfection. 
During the Caterpillar-ſtate, it may be conſidered 
as a newly conceived embryo, In that of an 
Aureli:, it repreſents a child as yet ſhut up in 
the womb, but about to break the membranes in 
which it is bound up, in order to make its eſcape. 


Laſtly, the inſet, when employed in extricat- 


ing itſelf from its integuments, reſembles the in- 
fant juſt coming into the world. However, there 
is this conſiderable difference between them, 
which well deſerves attention. The Butterfly 
does not produce itſelf like our wretched off- 
foring, weak, tender, and in a manner but half 
veifected ; but, almoſt from its firſt moment of 
ppearance in this ſtate, it is a complete creature 
of manly age, if I may be allowed the expreſſi- 
on, and qualified in every reſpect to avoid ſuch 
things as are hurtful, and look out for thoſe that 
tend to ſecure its exiſtence, for the ſpace allotted 
by nature, and make it agreeable, 

Whoever conſiders theſe particulars attentive- 
ly, mutt obſerve, in this poor inſect, a great and 
indeed immenſe degree of perfection, which 
man, the greateſt work of the creation, entirely 
wants. And this proſpect ſhould fill us, miſer- 
able mortals, with ſentiments of the moſt pro- 
tound humility. We ſee a little infignificant in- 
ſect, diſtinguiſhed from its laſt birth, with quali- 


\ fications, ornaments, and perfections, which, dur- 


ing our {ty upon earth, however long it may be, 
we-can never flatter ourſelves with the hopes of 
enjoving. | 

T'his creature, to ſupport life, needs no other 
food but the dews of heaven, and thoſe limpid 
diſtilled juices, which it finds ready prepared for its 
uſe by the beneficent ſun, and plentifully ſtored up 
in every flower. No theatrical ſcene can be ima- 
vined equal to the ornaments with which it is 


© | > © . 
cloathed ; and that its wings, and the rich co- 
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cauſe to be ſurpriſed at this difference. 
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lours that embelliſh them, were beſtowed upon 
it merely for the ſake of ornament, appears from 
its being able to fly with but two, as well as with 
four wings. The skies are the Butterfly's pro- 
per habitation, and the air its element; whilſt 
man, miſerable in every * is obliged to 
earn his bread with labour and cares: he comes 
into the world naked, and deſtitute of all exter- 
nal ornaments, to demand attention; and, born in 
this wretched condition, he roves about without 
habitation or ſhelter, expoſed on the one hand to 
the heat of the ſun, on the other, to the damps 
and exhalations of the earth, both enemies alike 
to his happineſs and exiſtence. 

Indeed, upon mature thought, we have no 
We are 
at preſent exiles from heaven, our proper home; 
ſtripped of that beautiful cloathing which our 
firſt parents poſſeſſed, But this is not the only 
creature, from whence we may draw uſeful in- 
ſtructions. All other kinds of inieQts are gene- 
rated in the ſame manner. Not one of them 
grows the value of a ſingle line, after the half 
hour that immediately ſucceeds their extricat- 
ing themſelves from their skins for the laſt time. 
We admire with the greateſt aſtoniſhment, how 
the bodies of the flying inſets could be contained 
in the little skins and membranes, out of which 
they came to appear in this ſtate ; whereas the 
wonder conſiſts entirely in their expanding fo 
much, and acquiring ſuch perfections in the firſt 
few minutes that ſucceed their enlargement. 

How then can we avoid crying out, O God 
of miracles! how wonderful are all thy works! 
how beautiful are the ornaments! how well 
adapted the powers which thou haſt ſo pro- 
fuſely beſtowed upon thy creatures! They are 
all, notwithſtanding, ſubject to decay and deſtruc- 
tion; and, with all their perfections, ſcarce de- 
ſerve to be conſidered as ſhadows of the Divine 
Nature, It is therefore, with the higheſt reaſon, 
that a certain writer has ſaid, That all nature is 
over-run, and covered with a kind of leproſy. 
This is her old garment, which ſhe is one day 
to throw off, and its heavineſs alone is ſufficient 
to weigh down our ſenſes, and diſturb our rea- 
ſon, in ſpite of all its efforts, 

Goedaert deſcribes the Caterpillar I have here 
been figuring, and the Butterfly ariſing from it, 
in the xx1. experiment ob the firſt part of his 
natural metzmorphoſes ; but he forgot in his 
figure the Caterpillar's prickles, inſtead of which, 
he gives it nothing but ſimple hairs. He has, 
beſides, been guilty of another miſtake, in be- 
ſtowing breathing-holes on every one of the 
Caterpillar's rings. Mouffet alſo has favoured us 
with figures of the Caterpillar, and the Butterfly, - 
and has deſcribed the Butterfly according to its 
colours. But Goedaert's drawing of it, deſerves 
the preference by many degrees. 

The beauties of the Butterfly now before us, 
Tab. XXXV. Fig. x11. is but of a middle rank, 
if compared with that of many others, Its head 
is covered with little black hairy and ſcaly fea- 
thers; the eyes, which take up the greateſt part 
of the head, are thickly guarded alſo with hairs 


reſembling briſtles; and they conſiſt of a ſub- 
| ſtance 


* 


ſtance which looks like gold, on account of the 
brightneſs of the uvea, which is ſeen through. 
The thorax and abdomen, are black; but they are 
covered with hairs of a golden yellow. The 
legs and horns conſiſt of a black, bony, or horny 
ſubſtance, and are adorned alſo with ſcales and 
hairs of a gold colour. The wings look as it 
they had been lightly waſhed over with a deep 
red blood-coloured paint; and they haye, beſides, 
four great and four ſmall ſpots of different forms. 
Near the thorax, the upper wings appear moſt 
elegantly ſprinkled and waved with glittering 
gold; and the lower wings near the belly, are 
covered with hair of a gold colour. The ſpaces 
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between the ſpots of the upper Wings inclines 
to yellow ; but near the third pair of thot2 ſpots 
which lie towards the edges, are two other marks 
of a ſnowy white. The borders of the wings are 
elegantly indented, and ſet off with four princi- 
pal colours, a black, a sky- blue, a peach bloſſom 
colour, and a yellowiſh red. The sky- blue, by 
bending its courſe upon the black, which ſerves 
as a ground to the other colours, forms a beauti- 
ful creſcent ; whilſt the other colours, making ſo 
many circles, ſeparated by the black ground, 
heighten the elegance of the diſpoſition in a very 
delicate manner. 


HI. 


the internal parts of the male and female Butterfly, 


deſcribed in the preceding chapters. 


AVING deſcribed the external and in- 
ternal parts of the Caterpillar, and of the 
Chryſalis, and alſo ſome of the Butterfly's exter- 
nal ornaments; my next task is to deſcribe its 
internal ſtructure ; though I cannot ſay I have 
ſucceeded perfectly to my wiſhes, in examining 
and inveſtigating them one by one, as I propoſed 
to myſelf, For, as I did not begin to diſſect 
the inſect in this ſtate, till towards the end of 
Autumn, and had ſuch only to diſſect as had 
been changed to Butterflies within doors, and 
under my inſpection, and had not acquired their 
full perfection; for this kind of Butterfly out- 
lives the year in which it makes its firſt appear- 
ance I could not therefore obſerve all its parts 
ſo accurately as I wiſhed : beſides, there was no 
bright weather during the time my examination 
laſted ; but the air was continually darkened 
with rain and clouds. However, ſome things 
in my obſervations appeared worthy of notice, 
which I ſhall now briefly relate. 
On opening the Butterfly's back, there imme- 
diately appear in the thorax, ſome little wrinkled 
veſſels, Tab. XXXVI. Fig. 1. a 4, which lie near 
the gullet, and have their inſertions in the fore- 
part of the body. 
the fame with rhoſe already repreſented in the 
vth Figure of Table XXXIV. Their beginning is 
a ſlender little channel, 6, which divides into 
two fine tubes; and theſe tubes again dilat- 
ing themſelves, c, terminate at laſt about the 
beginning of the ſtomach, d; and they are ſo 
firmly united and faſtened to it, by means of 
the fat and muſcles, that I have not yet by any 
means been able to looſen them from that part, 
or to trace them higher. What greatly increaſes 
the difficulty is, that the beginning of the ſto- 
mach itſelf, is here very ſtrongly connected. 
What the office of thoſe veſlels is, and whether 
they may not be the ſalival ducts, I cannot take 
upon me to determine; for I know not how they 
terminate in front, or whether or no they have 
a communication with the trunk, ee. 


I take theſe little veſſels to be 
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Amongſt the curled veſſels I have been treat- 


ing of, appears the gullet, /, which dividing in 


the upper part, near the root of the trunk, into 
two little tubes, conveys to the ſtomach the 
Juices ſucked in by that organ. From the lower 
part of the gullet near the ſtomach, there iſſues 
a ſhort and ſmall channel, g, which ends in a 
little ſlender bag, B. This bag is no other than 
an air-bladder, into which the air ruſhes, whilſt 
the inſects food is making its way to the ſtomach. 
This bladder is endued with a very conſiderable 
periſtaltick motion: it is almoſt always found in 
the Butterfly's back, placed over the ſtomach. 
In the Chryſalis, I found it full of a deep red 
liquid, as has been already obſerved. 

The ſtomach itſelf, i i, is ſtrangely altered in 
regard to ſhape, from what it was in the Cater- 
pillar, as before repreſented in the jvth Figure of 
Tab. XXXVI. It is now entirely ſwoln and tu- 
berous, and it reſembles an inflated large gut ; fo 
that, on account of its many folds, hollows, 
and wrinkles, it exhibits a very pleaſing fight in 
the hinder part. It ſo much reſembles one of the 
ſmaller inteſtines, &, full of moſt delicate folds, that 
cannot take upon me to determine whether or 
not it ought to be confidered as ſuch, rather than 
as a portion of the ſtomach. Under the pylorus, 
appear fix inteſtina cœca. or vaſa varicoſa, ///// 
which are much more flender in this ſtate, than 
they were in the Caterpillar, and of a perfectly 
difterent form. They are likewiſe ſeparated here 
from the ſtomach, to which, in the Caterpillar, 
they always cloſely adhered by means of the 
pulmonary tubes, I have not as yet been able 
to find out where and how they terminate in 
the Butterfly, ſo that I ſhall only repreſent them 
here as they appeared to me on this diſſection. 
Under theſe lie the ſmaller inteſtines, m m, which 
are tranſparent and full of a globular ſubſtance. A 
little lower the gut widens confiderably, ſo as to 
form the cloaca, ; then it contracts again, to 
dilate a ſecond time iuio a leſſer ſinus, o, in which 
it terminates. Next follows the ſtraight gut, 2 
terminating in a ting, of a ſubſtance between 
bone and horn, which forms the anus, q, is co- 
vered with hair, and drawn up within the ab- 
domen, At the ſides of the anus appear its 

F | proper 
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| muſcles, : their tendons are black, 
and of a ſubſtance like that of the anus itſelf. 
The two dilatations of the inteſtines, which 1 
have juſt now taken notice of, ſupply the place 
of a colon, which ap only in the Caterpillar ; 
for in the Butterfly it is ſo transformed, as de- 
ſervedly to be conſidered as a different part. Cer- 
tainly the ſurpriſing and incomprehenſible changes 


of parts which we here obſerve, ſhould engage 


our utmoſt attention, though for many reaſons, 
yet for none ſo much as for this, that they moſt 
evidently demonſtrate to the whole univerſe, the 
excellency of the Great Creator. The contem- 
plation of theſe wonders has often led me to con- 
ſider, whether the entrails of Nebuchadnezzar, 
when deprived of his reaſon, and armed with 
talons, like a bird of prey, covered with hair, 
ſuch as is found upon beaſts, and condemned to 
eat graſs in common with the cattle of the field, 
did not ſuffer a change in his internal parts, cor- 
reſpondent to that which appeared in his external 
form ; and ſuch a change as might ſuit them to 
digeſt the food, with which his life was to be 
ſupported, in the courſe of this his moſt examplary 

nance, At leaſt there appears an occaſional 
alteration of this kind in the entrails of theſe in- 
ſes ; for, as long as they continue under the 
form of Caterpillars, and live upon a groſs and 
earthy food, their entrails are alſo groſs and ear- 
thy ; whereas theſe creatures, aſſuming a more 
delicate form, and beginning to ſubſiſt on a more 
pure ſubſtance, the organs by which ſuch ſub- 
ſtance is to be taken in, digeſted, and diſtributed 
to the ſeveral parts of the body, become like- 


wiſe more delicate, and that indeed to ſuch a de- 


gree, that the alteration would never be credited, 
if the eye did not trace its gradations from one 
day to another. | 

There is no part of the Butterfly that deſerves 
our admiration more than the trunk *. I have 
but rudely delineated this organ, becauſe I pro- 
poſed making many other figures of it, conſider- 
ably bigger than the life, which, after all my pains, 
I have not been able yet to perform, on account 
of the badneſs of the weather, and the ſeaſon's 
being now ſo conſiderably advanced. That extre- 
mity of it, with which the Butterfly ſucks in its 


The genital organs of the male Butter fly. 


O N diſſecting a male Butterfly of this ſpecies, 
four days after its laſt change, the genitals 
appear perfect in every reſpect. The penis, 
Tab. XXXVI. Fig. 11. a, placed near the ex- 
treme rings of the body, has on each ſide two 
horny little bones, 55, of a pale brown colour, 
which cover it behind and in the middle. Theſe 
little particles have an articulation, with a bor- 


NATURE; or, 
food, is particularly curious in its conſiruQtion - 


it conſiſts of a double tube, divided, as it appears, 
into many articulations. This conſtruction ſuits it 


to a great variety of motions, and in particular, 
makes it eaſy to ſtretch out, and curl up again. 
It a that when the Butterfly ſips up the 
honey or liquid fogar upon which it lives, a por- 
tion of air mixes with and accompanies: this 
through the trunk to the ſtomach. This may 
be ſeen by faſtening the Butterfly by its wings, 
with a very fine pair of iron pincers, and uncutl- 
ing the trunk with a very fine needle, fo as to 
bring the tip of it to bear upon a blade of gratz 
dipped in ſugar water ; for the Butterfly immedi. 
ately ſucks the nouriſhment that is thus offered; 
and, with the aſſiſtance of a microſcope, both that 
and the air that goes along with it may be traced 
in their courſe into the body : and this is a very 
entertaining fight. Indeed Butterflies may be 
kept alive in this manner many days together: 
they will take ſo well to this way of feeding, that 
at laſt they will dart out of themſelves, with- 
out any compulſion, their trunk into the woiſt- 
ened ſugar, or honey water, thus offered them. 
Hence we may gueſs how fine and delicate the 
muſcles, veins, arteries, and nerves muſt be, by 
which this little orgab is ſupported and governed, 
The veryextremity of it is of a moſt amazing ſtruc. 
ture. As for my part, I muſt ingenuouſſy own, 
that neither my eyes, my hands, or my head, are 
equal to the task of inſpecting, handling, or per- 
fectly deſcribing it: but even this weakneſs is an 
uſeful leflon, fince I learn by it, that all our 
boaſted knowledge and perfection in this life, · is 
in the main but ignorance and miſery, Let it 
therefore ſuffice, that the things we ſee, are cap- 
able of conducting us, as it were, by the hand, 
to the knowledge of a much ſublimer being; 
and let this conſideration engage us, to adore the 
Divine Majeſty, according to the perfect rules 
he himſelf has been graciouſly pleaſed to pre- 
{cribe to us, and to perform, with due reverence; 
the penance enjoined us for tranſgreſſing his 
commands. This is the one thing neceſſary; all 
elſe is vanity of vanities, and altogether unwor- 
thy of our attention. 


det, c, of the ſame ſubſtance, which ſurrounds 
the penis like a belt There is near the two 
little horny parts, already taken notice of, another 
that is hooked, dd, and behind, is divided in 
two; by the parts of the penis, e. On raiſing the 
two firſt little horny bones, there appear two 
crooked little claws, whoſe buſineſs it is to 
grapple, and firmly hold, during the act of co- 


The trunk of the Butterfly is indeed an organ of moſt wondei ful ſtructure. It ſtands in the part of the head where a noſe might 
be expected, but it really is of the nature of a mouth; for all the food goes through it. The ſubſtance of the trunk is horny: the 


creature may be ſaid to unroll it, by ſqueezing the head; or it may be drawn out with a pin. 


After this, if any violence be uſed to 


the creature, the trunk will crack lengthways in the middle, and the flit will run preſently through its whole length, and divide it 


into two. Bonani hence ſuppoſed the trunk was really double in the Butterfly, or originally compoſed of two. 
he had ſhewn, from unqueſtionable experiment, that the trunk of this inſe& was ſingle, . 


Riget thought 
that this ſplitting was the effect of the vi- 


olence offered to it, — its own tender ſtructure. He had his followers, till Reaumer verified the firſt doctrine of Bonani by more 
accurate trials; and eſtabliſhed the true ſtructure of this part, which is, that it is compoſed of two delicate tubes, laid parallel by one 


another. 


Ld 


pulation, 
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pulation, the loweſt abdominal rings of the 
female Butterfly. This action is particularly 
obſervable in the common white Butterflies; 
for the female of this ſpecies very often flies 
about with the male faſtened to her, his claws 
or hooks in this part graſping her genital parts 
cloſe to him, his head hanging down, and his 
wings quite motionleſs. The muſcles of theſe 
| of the penis appear between, and have 
their inſertions in, the little horny parts already 
taken notice of. On the inſide, near the _ 
little ling claws, there appear ſome other 
parts rs to the penis; but I could not 
examine them with the due exactneſs. The 
penis conſiſts partly of a bony and partly of a 
nervous ſubſtance. The former reſembles, in 
figure, the little bone we find in the penis of 
Dogs; and has at its extremity an opening, 
thro' which the ſoft and nervous portion of the 
penis is erected at the time of copulation. The 
root of the penis is likewiſe of a nervous ſub- 
ſtance, f, but more compact than that portion 
with which the erection is performed. Next 
we obſerve the baſe of the penis, gg, contain- 
ing in one part a white ſperm, and in another 
part a thick fluid, divided into very minute 
granules ; which, on letting it out by wound- 
ing the penis, ſhines like a white or filver ſand, 
7. I leave to others to inquire what this laſt 
ſubſtance may be. The penis appears, in this 
part, very elegantly folded and curled up into 
two branches, , which afterwards form four 
others, whoſe origins are all very firm and 
ſtrong. I am not diſpoſed to affirm any thin 
as a certainty, concerning the nature of theſe 


laſt portions. The two ſlendereſt branches, 
which appear moſt cloſely twiſted one with 
another . look like ſeminal veſicles; for they 


contain a white ſpermatick liquid, conſiſting of 
very minute grains, connected together by a 
membrane. The two other branches may 


paſs for the vaſa deferentia of the inſect, n 
and the nodule, or knot, 2, in which thoſe 
branches terminate, for the teſticle; ſo as to 
make it probable, that the Butterfly has only 
one teſticle: But theſe are only conjectures on 
a ſubject, concerning which I dare not advance 
any thing as a certainty. 

This globular portion, which I call the in- 
ſect's teſticle, is of a pale gray, with a tinge of 
a purpliſh colour, and it is ſurrounded by two 
coats. The outer coat is very fine, and is united 
with a great many pulmonary tubes. The inner 
coat is much thicker, and yields, on diſſection, 
a ſoft, clammy, and glutinous ſubſtance, no 
way fluid. Through this there run a great 
number of pulmonary tubes, of a bright ſilvery 
whiteneſs, variegated with ſome purple ſtreaks. 
Perhaps repeated diſſections may enable us to 
determine, whether or not this portion is to 
be really conſidered as the Butterfly's teſticle. 
Theſe parts are fo firmly connected on every 
ſide, by means of the fat, and of the numerous 
pulmonary tubes, as to make it a very difficult 
taſk to diſplay them. The rectum, or ſtraight 
gut, opens under thoſe particles belonging to 
the penis, which conſiſt of a ſubſtance between 
bone and horn, already taken notice of. The 
pulmonary veſicle, that is ſituated forwards near 
the ſtomach, appeared to me full of air. The 
ſtomach itſelf looks like a bunch of grapes; 
and cloſe to it lie the cœca, or cloſed guts. 
The ſmall gut is conſiderably longer than the 
ftomach, and ends in ſome dilated parts. 

The preceding obſervations I made the ſixth 
of September on a Butterfly, which appeared, 
for the firſt time, as ſuch that very day, and 
had been changed from a Caterpillar into an 
Aurelia the 17th of the preceding Auguſt; fo 
that its change, from a Caterpillar to a Butter- 
fly, took up nineteen days. 


The anatomy of the ovary of this ſpecies, 


A Few days after, I opened a female Butter- 

fly, reſembling ſo exactly, in its internal 
appearance, the male before diſſected, that at 
firſt I imagined I had again got a male under 
my hands, till the thickneſs of the body indi- 
cated the contrary ; and ſoon after the diſco- 
very of the oviducts confirmed me in my laſt 
opinion of the inſect's ſex. There were, as 
yet, no eggs in thele ducts, ſo that they ap- 
peared very like the genitals of the male; and, 
indeed, it was ſome time before I could be ſure 
that they belonged to a female. Many of the 
inſets, whoſe date of life is of ſome length, 
have no eggs in the beginning, or very imper- 
fect ones. I have indeed obſerved, that al- 
moſt all inſects die very ſoon after they have 
prepared thcir ſperm; unleſs when their ſperm, 
though viſibly 3 has not acquired its full 
growth; or when the inſects are to ſurvive the 
winter, in order to lay their eggs the enſuing 
ſpring; as is the caſe of the Butterflies which 
am now deſcribing. Nor does it appear pro- 


bable to me, that either the eggs of inſects, or 
the inſects themſelves, in the Caterpillar or 
Aurelia- ſtate, can endure that rigorous ſeaſon; 
for which reaſon the little creature, now perfect 
in the Butterfly- form, is doomed to the hard- 
ſhips of this ſevere trial. Hence it is, that at 
the approach of winter they take refuge in the 
hollows of trees, in ſtore-houſes, and ſummer- 
houſes in gardens, where their blood is con- 
denſed by the ſucceeding colds, like olive- oil 
at the ſame ſeaſon, and becomes, in a manner, 
quite caked; ſo that they neither move nor eat 
till the returning warmth enlivens them. This 
I have often obſerved. They even diſcharge 
no excrements all the time. I have made many 
curious experiments vpon Butterflies in this 
condition; but it would take up too much room 
to give an account of them in this place. | 

There are fix oviducts, Tab. XXX VI. Fig. 
111. 4444, in the female Butterfly now un- 
der our inſpection, and theſe all terminate in 
one common paſſage, bb; ſo that, in this part, 
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the oviducts reſembles a ſingle trunk, which is 
a hollow channel, ordained to receive the eggs 
in their deſcent from the others. On each fide 
of the channel are five little tubes, c cccc, 
with their extremities cloſed, Theſe open into 
the paſſage, and' diſcharge upon the eggs, in 
their courſe, a glutinous matter, which makes 
them ſtick to the nettles upon which they are 
dropped. The conſtruction of theſe little re- 
ceptacles of the viſcous matter is extremely 
elegant : they conſiſt of various dilated tuber- 
cles, with lateral ramifications, which are like- 
wiſe dilated again, and ſerve, in my opinion, 
to ſecrete and elaborate the glutinous ſubſtance 
here ſpoken of. On the other fide of theſe 
ducts there ariſes, from the ovary, a much 
nere ſlender tube, d, terminating in an oblong 
bag, e. This contains, as it were, two dif- 
ferent ſubſtances. The contents of the upper 
part, /, is yellowiſh ; and, on endeavouring to 
extract it, the membrane, conſtituting the bag, 
ſhews itſelf to have ſome ſtrength. As for the 
yellowiſh ſubſtance, ſticking to the inſide, it 
looks very like the fat of the Butterfly. The 
ſubſtance, encloſed in the lower portion of this 
bag, reſembles a limpid humour, and appears 
as ſuch through the tranſparent g membrane 


that forms the bag. The other end of the 


little tube, juſt taken notice of, opens at its ex- 
tremity into the external parts of the ovary, 
or the vagina, h, which has a little elegant 
horny bone, of a bright red colour, that extends 
from the womb to a conſiderable height with- 
in the vagina, and has an opening, which I 
have marked with the letter :. 

All theſe parts of the ovary adhere fo firmly 
together, by means of the pulmonary tubes, 
Fig. Iv. aa, and fat, 5555, that I have often 
loſt my deſire of endeavouring to diſplay them, 


it: but patience, in the end, . got 
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together with the hopes of being able to effec 


the better of 
thoſe obſtacles. e GPs 
Theſe little creatures are very readily killed, 
by dipping them into ſpirit of wine, They 
likewiſe die in a very ſhort time, on putting 
them into a box containing Brazil-ſnuff. I 
have obſerved alſo, that other inſects are ſub. 
ject to the ſame fate; though, at firſt, it was by 
meer chance that I diſcovered it. Pr 
I have thus briefly recounted what T have 
been able to diſcover, concerning this little 
creature, in the ſpace of a few weeks. But if 
I had been maſter of more leiſure, and the 
autumn had not come upon me ſo ſoon in the 
operations, I ſhould be diſpoſed to mention, 
more at large, many other things worthy of 
admiration, which fell in my way ; though I 
have not yet examined them with the accuracy 
they merit. Such, for example, as the true 
manner of the Butterfly's wings acquiring their 
ſize with ſuch an amazing celerity; as well as 
the art by which the tubercles, bladders, and 
puſtules may be imprinted on the wings ; how 
the Caterpillar may be delayed and haſtened in 
the courſe of its change; by what means all 
the colours, which appear through the ſkin of 
the Aurelia, may, in that ſhort time of their 
appearance, be fo firmly fixed as never after- 
wards to grow and ſpread. I had beſides 
propoſed repreſenting, a great deal larger than 
life, all the ſpots, lines, and colours ef this 
little creature; as likewiſe its hairs, feathers or 
ſcales, and pulmonary tubes, the articulations 
of its legs, and many other myſterious works 
of nature obſervable in it; all which I have 
elſewhere promiſed that I would ſome time or 
another deſcribe, ak. 


The Find of the wonderful Hiſtory of \the Diurnal or Day Butterfly. 


An Animal in an Animal; or the Butter.. Bullen in the Caterpillar ; which is a 


third particular example, ſerving as an additional illuſtration to the 


ſecond 


method of the third order or claſs of natural tranſmutations. 


Tas. XXXVII. 

T HOUGH, by the particular experiments 

before advanced, it has been juſtly ſhewn 
what changes of the third order are peculiar 
to the firſt and ſecond ſpecics or method of 
transformation ; I ſhall here, by way of further 
proof deſcribe and figure the manner in which 
I can find a Butterfly encloſed and hidden in a 
Caterpillar, and perfectly contained within its 
ſkin. This I demonſtrated, in 1688, to thoſe 
eminent perſons Magalloti and Thevenot. 

But before I proceed to this, it is neceſſary 
to obſerve, that the Caterpillar, Chryſalis, and 
diurnal Butterfly, which I exhibit in theſe 
figures, are the ſame ſpecies with thoſe which 
the diligent Goedaert has figured Tab. XI. 
Part 1. And the often celebrated and learned 
Mr. Ray, in his treatiſe on the plants 
owi ng about Cambridge, Page 134, has 


particularly deſcribed a Caterpillar of this 
kind. 

Tab. XXXVII. N®.1. I exhibit the egg of 
the ſaid Butterfly in its natural ſize. This egg, 
as I have deſcribed in general before, is really 
the Caterpillar itſelf, encloſed in this condition, 
and inveſted with a membranaceous cover, or 
integument. Indeed, this Caterpillar lies hid in 
its membrane, in the very ſame manner as the 
Nymph or Chryſalis does in its integuments. I 
have before treated this matter at large; and the 
whole will be again more accurately debated 
under the account of the fourth order: there- 
fore J ſhall not here exhibit a more ample ex- 
planation thereof. I am now only to demon- 
{trate clearly, that the Caterpillar is the Butter- 
fly itſelf, and that this Butterfly lies encloſed 
in the ſkin of that Caterpillar, in the iam? 


manner as the Caterpillar does in the cover or 
ſin 
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Ein of its egg: And all theſe things will ap- 
wo "lainly rom what ſhall be ſaid imme- 
diately. 95 f OF £5.94 Wh ve 5 9. | 


Ihe egg of that Butterfly; which is repre - 


ſented in No. VI. is expreſſed in this firſt en- 
larged figure; in the exact manner wherein it 


red under the microſcope. It is obſerved 
bios to be, as it were, rated of fifteen 
fmall ubs; each of which manifeſtly throws 
a ſhade on the adjoining membrane, ſituated 
between thoſe ribs: and hence it is, that, to a 
perſon looking at the egg, it appears, about 
the ſhady parts, to be divided by as many other 
ſmaller ribs. Theſe ribs, and the membrane 
of the egg between them, are alſo divided 
croſſwiſe by regular grooves or channels. It 
may be alſo ſeen how all theſe ribs concur, as 
it were, in a center toward the ſmaller extre- 
mity of the egg, and extend themſelves beyond 
its ſurface. This egg, when arrived at its full 
increaſe, is of a yellowiſh colour ; but it is 
white, when it is freſh in the oviduct. That 
is, 1 obſerve that thoſe eggs in the oviduct, 
which are firſt to iſſue forth, are perfect; but 
thoſe that poſſeſs an higher place are ſmaller, 
though they are of the ſame figure with the 
former. Thoſe that are ſituated higheſt in the 
oviducts, appear ſquare; and ſuch as lie yet in 
the extremities of the oviducts are ſo wonder- 
fully ſmall, that at length they become entirely 
inviſible. The fame is likewiſe obſerved in 
the eggs of another Butterfly of this kind, but 
ſmaller in the body and wings. I ſaw thoſe 
laying their eggs in the month of May, and 
faſtening them to cabbage-leaves, in ſuch a 
ſituation as I have herein delineated the egg of 
this larger Butterfly ; that is, ſo that the ribs 
run upwards, but the globular baſis poſſeſſes 
the lower parts: the ſame thing holds with 
reſpect to theſe eggs. As the Butterflies, iſ- 
ſuing from theſe, are found all the year, it is 
probable they lay.their eggs at various times, 
This, however, ſeems to be done chiefly in 
Autumn, when we obſerve their Caterpillars 
in much greater numbers than at any other 
icaſon. 

Ne. II. I exhibit the caſt and forſaken coat 
of what is called the egg, which a little before, 
J have obſerved, was the real Inſect or Cater- 
pillar of the Butterfly; ſince this Caterpillar, 
like the Chryſalis, is found encloſed in its ſkin, 
_ even within the egg. 

No. III. The Caterpillar of the Butterfly, or 
the Butterfly lying concealed in the form of a 
Caterpillar, is here repreſented as it appears at 
the full term of its growth. In order to de- 
monſtrate clearly and diſtinctly, that this Cater- 
pillar is the real Butterfly, and the latter again 
is the Caterpillar itſelf; I ſhall firſt deſcribe the 
external figure of that Caterpillar, which con- 
ceals the Butterfly within its ſkin. As the 
celebrated and learned Mr. Ray has, before 
me, very clearly and perſpicuouſly performed. 
this taſk, I ſhall therefore make uſe of his 
words, deſcribing the Caterpillar in this man- 
ner. If we conſider the bigneſs of the Ca- 
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ei terpillar that feeds on cabbage; it is of a 
* middle ſize, between the largeſt and ſmalleſt 
e kinds; and is covered with whitiſh, thin, 
ei ſhort hairs, no where cluſtered together or 


* entangled. The colour of the body is va- 


te riegated, and compoſed of black; yellow, 
«© and blue; whereof the yellow deſcribes 
« three lines as long as the body, that is, one 
© jn the middle of the back, and the two 
ce others on the ſides oppoſite to each other. 
© Between theſe lie the black and blue: the 
te former painted in ſpots, the latter more 
e diffuſed. Theſe black ſpots alſo are protu- 
ce berant above the reſt of the body; and out 
e of each of their centers, where they appear 
te blacker than elſewhere, they emit the hairs 
© before mentioned. The head likewiſe has 
* the three aforeſaid colours mixed together, 
* and it is covered with the like hairs. The 
legs, being ſixteen in number, are orderl 
<« diſpoſed into three claſſes: the firſt of which 
“ claſs is compoſed of ſix, annexed to the 
« head, near the breaſt: the ſecond conſiſts of 
e eight, on the belly; and the third of only 
e two, joined to the extremity of the body: 
The firſt ſix legs have each a claw ; the 
© other ten have each many crooked ones.” 
This is enough, as to the outward form, 

In order to diſcover plainly that a Butterfly 
1s encloſed and hidden in the ſkin of this Cater- 
pillar, the following operation muſt be uſed, 
One muſt chooſe a full-grown Caterpillar : tie 
to its body a ſmall — and then put it into 
boiling water, and take it out ſoon after. 
Thus its external ſkin will ſeparate; becauſe 
the fluids, between the two ſkins, are by this 
means rarefied and dilated, and therefore they 
break and ſeparate both the veſſels and the 
fibres, wherewith they were united together. 
By this means the external ſkin of the Cater- 
pillar, being ſpontaneouſly ſeparated, may be 
eaſily drawn off from the Butterfly, which is 
contained and folded up in it. This done, it 
is clearly and diſtinctly ſeen, that, within this 
ſkin of the Caterpillar, a perfe& and real But- 
terfly was hidden. Therefore the ſkin of the 
Caterpillar muſt be conſidered only as an outer 
garment, containing in it parts belonging to 
the nature of a Butterfly, which have grown 
under its defence by ſlow degrees, in like man- 
ner as in all other ſenſitive bodies that increaſe 
by accretion. 

But as theſe limbs of the Butterfly, which 
lie under the ſkin of the Caterpillar, cannot, 
without very great difficulty, be diſcovered in 
the full-grown Caterpillar, unleſs by a perſon 
accuſtomed to ſuch experiments, becauſe they 
are very ſoft, tender, and ſmall, and are more- 
over complicated or folded together, and en- 
cloſed in ſome membranaceous integuments ; 
it is therefore neceſſary to defer the execution 
of the _ now propoſed, until the 
ſeveral parts of the Butterfly become ſome- 
what more conſpicuous than at firſt, and are 
more increaſed and ſwelled under the ſkin, by 
force of the intruded blood and aqueous hu- 
mour. This is known to be the caſe, when 
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the Caterpillar ceaſes” to eat, and its ſkin on 
each ſide of the thorax, near under the head, 
is then obſerved to be more and more elevated 
by the increaſing and ſwelling limbs, and 
ſhews the appearance of two pair of prominent 
tubercles. {O03 1G," 

That it may be known at what time the 
changes in the Caterpillar comes on, exactly and 
regularly, I ſhall proceed to explain the fourth 
figure, No. IV. This deſign exhibits the Cater- 
pillar ſwoln, à b, all about the ſecond and third 
rings of the body; whilſt, in the mean time, 
the reſt, that is, the lower part of- the body 
and the tail, are conſiderably diminiſhed” and 
contracted, c. This is the beſt ſtate in which to 
ſkin the Caterpillar, which I would have well 
obſerved; for it is for this reaſon only I have 
ſaid before, that, in order to make the intended 
experiments, one muſt chuſe a Caterpillar when 
near the time of changing its ſkin : ſuch is that 
which I delineate in this figure. 

To explain in a clearer method this funda- 
mental propoſition, that the Butterfly is con- 
tained in the Caterpillar ; or, otherwiſe, that 
the Caterpillar is the Butterfly itſelf ; we muſt 
carefully obſerve, that after all the limbs of 
the Butterfly are ſufficiently increaſed within 
the external ſkin of the Caterpillar, wherewith 
they are yet kept inveſted, the Caterpillar at 
length, when about to undergo its change, be- 
takes itſelf to ſome retired place, in which it 
may ſecurely caſt off its outward ſkin. With 
this deſign the Caterpillar firſt fixes itſelf, by 
only a thin and flight web, to a board, tree, 
plant, wall, beam, Ne. IV. dd, or any other 
ſolid ſubſtance; and after this, fixing the claws 
of its two hinder legs in this web, e, it imme- 
diately ſpins very carefully a ſtrong double 
thread, or ligament, which it draws acroſs its 
back, and faſtens it with the former ſuperficial 
web againſt the beam or wall in two diſtinct 
places, ff: ſo that the fore-part of the Cater- 
pillar's body hangs in this ligament: as in a 
wreath ; whilſt, in the mean time, the hinder 
part lies fixed in the ſuperficial web, faſtened 
to the beam. 

In conſidering this Caterpillar, it muſt be 
carefully obſerved, that it lays the ſaid wreath 
ſomewhat obliquely, and about the fore-part 


of its body. And hence it happens, that when 


the ſkin of this Caterpillar, lying under this 
wreath, is turned back and caſt oft, the wreath 
itſelf is not thruſted more towards the hinder 
parts than to the middle of the body ; it being 
there faſtened a little to the ſoft ſkin, and dried. 
Hence this remarkable advantage ariſes to the 
Caterpillar, when ſtript of its ſkin, that it 
hangs, as it were, in equilibrio. The Cater- 
pillar, having thus diſpoſed all theſe matters 


with this appearance of judgment and diſcre- 


tion, is obſerved to ceaſe all action and motion 


of its limbs, and to compoſe itſelf in the moſt 


profound reſt. 

Immediately afterwards, or within the ſpace 
of twenty-four hours, about the fore- part of 
the head, it may be obſerved, that its limbs, 
being now fully enlarged under the ſkin, begin, 
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by the very ſlow and gentle tranſportation and 
of the blood and humours, to be dif 
tended, extended, and inflated in ſuch a man- 
ner, as to ſwell even beyond the level of the 
ſkin; and, by thus raifing the ſkin, it Rretches 
it, and makes it ſhine. On the other hand, it 
is obſerved, that, at the ſame time, the hinder 
parts of the Caterpillar's body decreaſe in fize 
in their turn, in the ſame meaſure, and exactly 
in equal proportion, and become regularly fa 
much ſmaller. Hence all power of motion is 
immediately taken away from the ſixteen legs 
of the Caterpillar, ſo that it can afterwards 
neither creep nor ſtand. _ _ 
At length this inflation or ſwelling of the 
limbs, and other parts, which are at this time 
forming themſelves, and, as it were, budding 
out into a Chryſalis, proceeds ſo far, that the 
external skin opens on the back, and afterwards 
in three diſtinct places in the head, and begins 
to be drawn off, and rolled away from the fore 
towards the hinder end of the body: and, by 
this means, all the limbs encloſed within preſent 
themſelves to view. Theſe limbs and parts, be- 
ing then diſpoſed, according to a certain necefſury 
order, and unchangeable rule of nature, the crea- 
ture aſſumes the form of a Chryſalis, repreſented 
under No. V. This Chryſalis is an inſect with- 
out motion; and indeed it cannot be other wiſe, 
for its limbs are all incapable of motion: this is 
neceſſarily occaſioned by the impelled blood, 
and other humours, diſtending them: add to this, 
that the limbs are drawn downwards by the ſe- 
parating skin, and a great part of them likewiſe 
are extended. Nor indeed is this skin drawn off 
eaſily; nay, not without great labour and diffi- 
culty: for all the complications of fibres, by 


which the upper is joined to the under skin, are 


then broken. For this reaſon alſo, the Cater- 
pillar draws itſelf at that time one way and ano- 
ther, with an undulatory motion, and by the 
tremulous palpitation of the rings of its body, 
By this violence, at length, a limpid kind of 
ichor or humour is diffuſed between theſe 
two skins, and the Caterpillar then, at length, 
caſts off the the old one. This proceſs is per- 
fected very expeditioully, after the opening is 
made in the ſkull, Thus I have briefly, but 
exactly, deſcribed how this Caterpillar aſſumes 
the form of a Chryſalis; the ſeveral parts of 
which are however ſeen with greater difficulty, 
than thoſe of the Nymph. | 
On the other hand, when this Chryſalis, or 
rather, to ſpeak properly, the involved Butterfly, 
is drawn out of its ſkin, by means of hot water, 
it has a quite different form, as may be ſeen in 
Figure 11. where it is repreſented laid on its belly: 
and this is yet more perfectly illuſtrated in Fig. 
III. which preſents it lying on its back, ſhewing 
thus all its limbs. But becauſe theſe delicate 
parts cannot be ſo well diſtinguiſhed by thoſe 
whoare unaccuſtomed to ſuch reſearches, in order to 
repreſent them the more plainly, I have delineated 
them, and marked them with diſtinct letters in 
Fig. iv. It may eaſily be obſerved there, how 
that Butterfly, which I have drawn out from the 
{kin of the Caterpillar, is provided with all thoſe 
membets, 


The, HISTORY &f INS EC Ts. 


mbers, which are ſeen in the Butterfly, deli- 
— VL As tho two horns onithe head, 
a a ; the double curled, proboſcis gr trunk, placed 
in the lower part of the head, bet wWeenthe horns, 5; 
and. four wings ſituated on the two; fades of the 
thorax, c between which are likewiſe ſeen 
fix legs; and laſtly. the abdomen. divided by its 
annular ſections, 4d. All theſe: things appear 
ſo clearly and diſtinctly to the eye, in a natural 
example, that there is not the leaſt room to 
doubt the truth of the fact. This is the very 
creature intimated in No. V. and called in that 
ſtate an Aurelia, or a Chryſalis z tho' it ſcarce ex- 
poſes to. our view any parts, which agree. with 
the creature of the fourth Figure: yet it has no 
other than the ſame limbs and parts, only they 
are diſpoſed in a diffefent manner, as I ſhall ex- 
plain hereafter, It will then likewiſe appear 
that thoſe, which I repreſent ſeverally in this 
Tab. XXXVII. are all but oge and the fame 
creature, only hidden, as it were, under different 
forms ; and this is likewiſe the caſe in man, if 
we conſider the original egg, with its coverings, 
the navel ſtring, and its ſeveral changes; as 1 
ſhall explain at large hereafter. 

To ſhew moſt diſtinctly the difference between 
the Butterfly drawn out of the ſkin of the Cater- 

illar, and repreſented in Fig. 111. and the ſame 

utterfly, when called a Chryſalis, or Aurelia, 
as delineated in No. V. It muſt be obſerved, that 
the real difference conſiſts only in this, that the 
limbs, that is the legs, wings, &c. are ranged 
and diſpoſed in the Chryſalis, according to a cer- 
tain order and rule; and, on the other 
hand, that theſe parts are by art rudely unfolded, 
and turned out in the Butterfly, drawn from the 
ſkin of the Caterpillar, and removed from their 
natural ſituation, which they obtain firſt under 
the ſkin of the Caterpillar, and afterwards in the 
Chrylalis. | 

Hence the Chryſalis, No. V. is nothing elſe 
but the Butterfly expreſſed in Fig. 111. the ex- 
panded parts of which are folded, and diſpoſed 
among one another in a different form and 
order. 

It muſt be at the ſame time carefully obſerved, 
that theſe limbs, and other parts, are found to 
be of three diſtinct magnitudes: for, in the Ca- 
terpillar, No. IV. the limbs are ſtill ſmall, and 
concealed entirely under the ſkin; and then 
in the Caterpillar, or Butterfly, ſtripped of its 
outer ſkin, Fig. 111. they are extended much 
larger; and laſtly, in the Butterfly, under No. VI. 
they are larger, Yet this obſervation muſt be par- 
ticularly attended to, becauſe the three creatures, 
juſt now mentioned, are one and the fame, and 
their limbs and parts alſo are the ſame. But as 
to the larger or ſmaller ſize of them, that de- 
pends only on the blood and humours, which be- 
ing moved in the limbs, has at length extended 
them as much as poſſible, In the creeping Ca- 
terpillar, it was not poſſible for theſe members to 
increaſe much: and in the full-grown Caterpillar, 
they could not be produced further than the ſkin 
was capable of being diſtended : but under the 
form of a Chryſalis, there has been a conſider- 
ably greater extenſion; ſince the external ſkin is 
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there caſt off, and theſe parts have acquired an- 


other form. However, they are not yet arrived 
to thei full ſize ; ſince the laſt ſkin, which the 
Chryſalis muſt throw off, could not be extended 
further than the folds and wrinkles, into which 
it was contracted, could give way by unfolding 
or diſplaying themſelves. It happens in this 
ſtate, that the creature neceſſarily wants all that 
motion, which it had before under the form of 
a Caterpillar, and muſt reſt for ſome; days, until 
the blood and humours, with which its limbs 
were filled and diſtended, are diſſipated ſuffici- 
ently by means of an inſenſible evaporation, and 
then the faculty of moving is reſtoted to it. 
Hence, therefore, it is certainly and clearly 
evident, that one animal is here, as it were, 
hidden or encloſed in another : nay, that the 
Caterpillar and Chryſalis are the Butterfly itſelf, 
but encloſed or covered by an hairy and cutane- 
ous coat; and fo altered by the different diſpoſi- 
tion of the parts, that it cannot yet be known, 
This is the fact which I propoſed to demon- 
ſtrate. And nothing further now remains, but 
to deſcribe the diſpoſition of the limbs under the 
ſkin of the Caterpillar, No. IV. for which pur- 
poſe, I muſt compare thoſe parts one with an- 
other, as they are conſtituted in the Chryſalis, 
under No. V. for thus it will be evident, how 
the members of the Butterfly, drawn out of its 
ſkin, are diſpoſed as well in the Caterpillar, as 
in its Chryſalis, 

As therefore the diſpoſition and arrangement 
of the parts in the Butterfly-Chryſalis, is found, 
in No. V, to be worthy of the greateſt admira- 
tion, I ſhall obſerve, that theſe ſame parts are 
not leſs admirably diſpoſed in the Butterfly, 
when drawn out of its fin, Fig. 1y. this perfect 
animal being at all times hidden and encloſed in 
the Caterpillar, No. IV. The legs, which in the 
Butterfly, at the time it lies in the Chryſalis- ſtate, 
are ſtretched between the horns, and placed on 
either ſide in the breaſt near the trunk, are in the 
Caterpillar ſomewhat curled and complicated 
under the ſkin of the fix fore-feet of that crea- 
ture: for, as the impelled blood could not equally 
extend them in that part ; they therefore appear 
there ſomewhat wrinkled and inflected: that 
continues until the ſkins are at length caſt off, 
and they are again extended as much as poſ- 
ſible, in the Butterfly-Chryſalis; and whilſt the 
{kin is outwardly drying, they are joined one with 
another, 

The wings, which in the Chryſalis-Butterfly, 
are evidently extended in each fide of the b: eaſt 


near the horns, are placed under the ſkin of the 


Caterpillar, near the under legs of the firſt claſs; 
nay, their ends are encloſed in the ſkin of the 
ſame legs. This ought to be carefully obſerved ; 
fince this is the only reaſon why, when the Ca- 
terpillar is changed into a Chryſalis, the limbs 
are neceſſarily thus, and not otherwiſe, diſpoſed : 
for theſe legs and wings are, at the time the old 
ſkin is caſting off, drawn downwards, together 
with the ſkin in which they lie, and are then 
regularly diſpoſed on the breaſt, near to and be- 
tween each other : and this is performed with 
ſuch great art, and in a manner ſo ſingular, tht 

this 
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this ſubject only, might ſupply tnatter Bra whole 
treatiſe, . {$L; al „ 

The horns, which in the ſtripped Butter- 
fly, that is already changed into a Chryſalis, are 
extended and ſituated between the legs and wings 
on each ſide on the breaſt, ſo as to touch at the 
ſame time the trunk with their extremities, are, 
in the Caterpillar, hidden under that part of the 


head which conſtitutes the ſkull; and theſe 


thruſting themſelves up out of the head, are 
very cloſely folded together, and, by a particular 
convolution afterwards, repreſent a ſerpentine 
winding. Their extremities are likewiſe cloſel 
twiſted into one. Hence the horns in the Chry- 
ſalis could be extended above the breaſt, on the 
caſting of the ſkin. This I have already, with 
reſpect to the Chryſalis of the coloured Butterfly, 
more accurately demonſtrated, magnified in the 
explanation of Tab. XXXV. It will be proper 
to compare this hiſtory with that, and to read 
them together, becauſe the one throws great 
light upon the other. 

The trunk, which, in the Butterfly ſtripped 
of its {kin, and changed to a Chryſalis, is ſtretched 
along, and fituated on the middle of the breaſt 
between the legs, horns, and wings, is found to 
lie wonderfully complicated, under the ſkin of 
the creeping Caterpillar, between ſome briſtly 
and articulated hatrs, ſituated near the lower 
part of the mouth. Theſe very briſtly hairs, 
and the trunk, are alſo found regularly diſpoſed 
in their reſpective places in the Aurelia, after 
changing the ſkin, * 

Laitly, the belly and tail, which in the But- 
terfly, when it repreſents, Tab. XXXVH. No. V. 
a Chryſalis, are found ſhortly contracted and 
drawn together, are in the Caterpillar, No. IV. 
extended through the greateſt part of the ſkin of 
the body. In the hidden Butterfly, or creeping 
Caterpillar, No, III. all that part of the body 
chiefly, which is extended from the fore-legs to 
the hinder extremity, muſt be accounted the 
belly and tail; and at the time this creature is 
changed into a Chryſalis, it loſes all its ten hinder 
legs, without exception. 

But, as it is not enough for me to have exhi- 
bited and deſcribed the moſt profound myſteries 
of nature, as I have done hitherto; ſo, at the 
ſame time, I think myſelf obliged to commu- 
nicate to the reader, the management by which 
I was enabled to find out in the hidden Butterfly, 
the diſpoſition of its limbs under the ſkin of the 
Caterpillar: ſince theſe limbs are there ſoft, 
tender, and almoſt fluid like water ; and there- 
fore, when any one draws off the ſkin from 
them, they are moſt cafily removed from their 
natural ſituation, 

In order therefore to provide againſt this, and 
that the parts of the Butterfly, Fig. IV. hitherto 
deſcribed, which lies under the skin of the Ca- 


terpillar, No. IV. may be viewed to ſatisfac- 


tion, and ſeen as they are naturally diſpoſed, we 
muſt take care, that theſe parts be firſt hardened 
under the skin, to ſuch a degree, as that they 
will not loſe their natural ſituation afterwards, 
when the skin is taken therefrom. This is done 
very conveniently, if a Caterpillar, which is going 
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immediately to caſt its skin, be put into bottle 
full of a liquor ed of equal quantities of 


ſpirit of wine and vinegar; for, as the C iterpillar 
is very caſily killed by this liquor, its litnbs alſo 


will harden there with, in the ſpace of fiſteen or 
ſixteen hours. Therefore, if the Caterpillar be 
afterwards carefully skined, the diſpoſition, and 
ſeveral foldings of the limbs of the encloſed But- 
terfly;" may be very beautifully ſeen; as they lie 
under the skin of the Caterpillar. 
I ſhall now proceed; and, in order 't& {et 
this matter in the cleareſt light, I ſhall exhibit 
alſo, by diſtinct letters in Fig. v. all thoſe limbs 
and parts of the Butterfly which I have demon- 
ſtrated in Fig. Iv. or thoſe that are already de- 
ſcribed in the Chryſalis under No. V. That is, 
I ſhall now likewiſe ſhew, in the Chryſalis or 


Butterfly, which hath ſpontaneouſly changed 


its ſkin, all the parts which I have before 
ſhewn in the Bugterfly, drawn out of the ſkin 
of the Caterpillar by art: for the creature, 


which I repreſent in Tab. XXXVII. Fig. v. is 


the ſame which I have already delineated under 
Ne. III. In this are firſt ſeen the horns, Fig. 
v. a aa a, diſtorted from their natural ſituation: 
then are obſerved the two'parts of the trunk, 
which, ariſing below out of the head, and 
running over the breaſt, are terminated, 5, on 
the lower part of the body; where they are 
likewiſe, but not much, deflected or bent out 
af their natural ſituation. Next are diſcovered, 
on each fide, two legs, which, being removed 
out of their natural ſituation, I have placed on 
each fide of the upper wings, cc. The other 
two legs are not here repreſented, ſince they 
may be plainly and more eaſily exhibited lying 
under the trunk and wings in the inſect ſelf, 
than they can in this figure. Under theſe two 
pair of legs the upper. and lower'pair of wings 
come likewiſe in fight, though only a part of 
the lower appears to the eye, 4d, becauſe they 
are covered in great part by the upper pair. 
All theſe four wings are likewiſe drawn out of 
their fituation. The head and eyes, e, are ſeen 
above, and the tail and the annular diviſions 
of the belly below, f. However, one can ſee all 
theſe things but obſcurely, for two reaſons: 
firſt, becauſe theſe limbs, being placed in this 
manner in the Chryſalis, are diſpoſed in a pe- 
culiar order; and becauſe they are, in that 
ſtate alſo, grown ſtiff and hard, by the power 
of the air. But it is eaſy to diſcover the ſame 
limbs of the Butterfly in all the Aureliz, and 
to ſeparate them from each other; provided 
one has firſt ſteeped them for a little time in 
hot water. 

I ſhall now likewiſe exhibit, in Fig. vr. all 
the limbs and parts hitherto enumerated, as 
well of this as of the creatures repreſented 
above, fince they are all but one and the ſame 
creature. There is this difference ſhewn in 
the preſent figure, that I have ſtript the limbs, 
which I now preſent-to view, of their laſt ſkin, 
wherein they were kept ſtill rolled up: fo that 
we here now view this inſect clad, as it were, 
in its perfect outſide, which is never caſt off, 
and is aboliſhed only by death. But as in caſt- 

ng 


N 


The HISTORY of INSECTS. 


zune ſkin, there is as much art obſerved as 
— off of the external skin of the Ca- 
terpillar; I ſhall here briefly explain the whole 
order of this laſt change, or the ſudden ſwelling 
limbs. * 
— v11 Figure I exhibit the Butterfly, the 
limbs of which were before repreſented in the 
iv Figure, and as having put on the form of a 
Chryſalis, delincated under No. V. And this Chry- 
ſalis being very near iis metamorphoſis, is in that 
ſtate every moment ready to caſt its laſt skin. If 
any one deſires to know, by what means it can 
be known, that this change is very near; let 
him obſerve, that this may be certainly known 
beforchand by thoſe black ſpots, which are ob- 
ſerved to appear through the skin of the Chry- 
ſalis, at the ends of the two upper wings; and 
therefore I delineate one of thoſe pellucid ſpots 
in the left wing of this Butterfly-Chryſalis, 

In order to underſtand the method, whereby 
this laſt change of the skin is performed, it is 
neceſſary to know, that after the encloſed limbs of 
the Butterfly, have by degrees acquired their full 
ſtrength, by the help of an inſenſible perſpira- 
tion, it at length, by agitating and moving itſelf, 
and by drawing its breath with greater force, 
breaks open the external skin with which it is 
ſurrounded, in three or four different places, 
and diſplays looſe and free its hitherto united 


ts. 
When the inveſting skin juſt begins to open, 
it is obſerved, that the ſtrength of the encloſed 
Butterfly is likewiſe increaſed. And hence it then, 
immediately thruſts its horny trunk and legs out 
the skin, and fixing the claws of its feet to the 
adjacent objects, or to its own caſt skin, it thus, 
as it were, by force, diſcngages itſelf ſrom this 
laſt covering. Thus at length it creeps out of its 
skin, formed in the manner exhibited in the 
ninth Figure. Nor does its appearance then dif- 
fer much from that which it had, when drawn 
out of the skin of the Caterpillar by art, as may 
be ſeen by the Figure, | 

I deſfice leave to obſerve here, that the crea- 
ture ſcarce retains this form a moment; for as 
ſoon as the skin is regularly broke open, and the 
Butterfly juſt begins to creep out of it, immedi- 
ately its wings begin to increaſe, and they grow 
wonderfully faſt. Before I treat this matter more 
fully, I muſt obſerve what I have hinted at in 
the preceding ſheets ; that is, that the limbs, 
and eſpecially the wings of the Butterfly, are of 
three diſtin& ſizes : they are ſmalleſt when they 
lie in the Caterpillar, delineated under No. III. 
and then in the Butterfly, drawn out of the skin 
of the Caterpillar, as in Fig. IV. they were 
obſerved ſomewhat larger ; and laſtly, they have 
acquired their third and full magnitude, when, 
by the impelled blood and humours, they have 
been orderly ſituated in the Chryſalis, delineated 


The whole 


naceous, and the duſt w 


properly. Th 
of - ig wings, 
are tubular. They 


operation in the diſcloſure of the Butterfly from its Chryſalis, is full of wonder ; 
ſion of the wings. From the folded and complicated ſtate wherein they lay in the Chryſalis, th 
the firſt obſervers thought they were ſmall at that time, and grew thus ſuddenly. 
Rich covers them is compoſed of regular little 
have footſtalks, and they are of various figures, ov 
he veſſels which ſupport the filmy ſubſtance of the wing, 
are like the navel-ſtring in the human body ; at 
ſupported by a ſtrong rib, and fringed with theſe feathery ſubſtances. 
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No. V. But even then, they could not extend 
themſelves further; becauſe the laſt skin that 
remained to be caſt off, did not permit it. 

Therefore, when theſe laſt skins are caſt off, 
it is at length ſeen, how theſe wings increaſe, 
ſwell, and arc expanded in a moſt wonderful 
manner, by the force of the blood, humours, 
and ARE air: this is exhibited in the x Fi- 
gure. hen any one has for ſome time conſi- 
dered this matter in the Butterfly itſelf, he will 
ſay that it is like a drop of water, which, when 
it falls on dry paper, dilates the paper, and makes 
it unequal, thick, and full of holes. In the ſame 
manner, indeed, theſe wings, which are in the 
beginning rough and full of wrinkles, and un- 
equal, fold and expand themſelves, until at 
length they become ſmooth, and they are then 
twelve time times as large as they were in the 
beginning. This may be ſeen in No. VI. where 
I repreſent the wings fully and perfectly expand- 
ed, and in their natural ſize. | 

What deſerves moſt admiration is, that all this 
accretion of the wings, great as it is, does not 
take up the ſpace of a quarter of an hour. And 
beſides, what is very conſiderable is, that if at 
this time a part of the growing wings be cut off 
with ſciſſors, they manifeſtly diſcharge blood 
more or leſs copious, according as the wing is 
wounded at a leſs or greater diſtance from the 
body. This blood, which is yellowiſh, diftils 
in {mall globules out of the wounded veſſels, and 
the wing never afterwards expands itſelf properly. 
But theſe wings, being once wholly extended 
and dried, will never afterwards diſcharge any 
blood, though they be wounded ever ſo often. 
Hence it is evident, that this creature, in the 
ſpace of a quarter of an hour, is ſent forth from 

e Chryſalis in every reſpect perfect *, ſo that 
it never afterwards wants a further accretion, nor 
is ſubject to the miſchances of infancy. 

In what manner theſe wings are in reality ex- 
panded, and how their black ſpots are diffuſed 
trom ſmall into large ones, and how all the co- 
lours of theſe wings are increaſed, and are all to- 
gether equally changed by the fame motion; 
theſe, with other innumerable curious and won- 
derful myſteries of nature, I ſhall, if it pleaſe 
God, explain hereafter in a treatiſe exprefly on 
that ſubject: and I ſhall then ſhew how one may 
view, as clear as the light at noon, the reſurrec- 
tion of the dead, and the happy ſtate of thoſe 
that are brought to life again, in this little in- 
ſect. | 

I ſhall finally in this place briefly lay before 
the eye, the limbs of the Butterfly, and the in- 
creaſing wings in a rough draught, and after- 
wards conclude this hiſtory, Firſt, in the head 
are ſeen two reticulated eyes. Over theſe are ob- 
ſerved two horns, Fig. x1. a a, divided into their 


joints, and adorned with white, yellow and 


but in no part ſo much as in the expan- 

diſplay themſelves ſo ſuddenly, that 
The ſubſtance of theſe wings is membra- 
arts, called by ſome feathers, and by others ſcales ; but neither 
, round, oblong, and indented. On theſe depend the colours 
contract as ſoon as the wing is expanded; for, till then, they 
vaſcular, but afterwards ſolid, 'The edges of the wings are 


blackiſh 
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blackiſh . ſcaly feathers. Between theſe, one 
may perceive how the Butterfly rolls its trunk, 6, 
which it ſome time afterwards hides between the 
forks. In the thorax, the two upper wings c c 
preſent themſelves, which are almoſt every where 
covered with white little feathers, and in ſeveral 
places are variegated with thinner, feather-like 
yellow ſcales: even the black ſpots, which adorn 
theirextremities, arecompoſed of ſimilar ſmall fea- 
thers. The fame like wiſe is the condition of the 
two under wings, 44. Six legs likewiſe appear, 
eeee, which are increaſed to a much greater 
length than they had either in the Caterpillar, or 
in the Butterfly, drawn out of that skin: but in 
this laſt change of the skin, the legs are increaſed 
no more; ſince they have already acquired their 
full bigneſs in the Chryſalis. Laſtly, the tail 
and abdomen are ſeen covered with their rings, 
hairs and feathers, fo It is likewiſe obſervable, 
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chat all theſe colours may be wiped off the wings 
in ſuch a manner, that only a thin, delicate, and 
tranſparent membrane remains. And now, can 
any perſon, who rightly conſiders theſe divine 
miracles, help admiring them, and agreeing, that 
they are moſt truly ſuch ? Indeed this remark. 
able hiſtory very ſtrongly evinces, that the moſt 
wiſe and merciful God, is manifeſtly. known 
from his viſible works : fince thoſe inſtances of 
this power which are remote from our fight, be. 
come evident from thoſe we ſee; that the eter- 
nal nature of God is therein diſplayed clearer than 
the meridian ſun, Their offence therefore ig 
inexcuſable, who have either lived inſtructed by 
the law of nature only, or have known the law 
of Moſes, and the goſpel of Chriſt ; for, ac- 
cording to theſe, all men ſhall be judged, and 
ſhall be either abſolved or condemned. 


FOURTH ON DER 


Of natural changes, or ſlow accretions of the limbs. 


AVING now explained the more ſimple 

and intelligible modes or methods of theſe 
changes, I ſhall proceed to the compound, and 
more obſcure, which ſeem indeed wholly in- 
comprehenſible ; but in reality, all the inſects of 
this fourth- order, of which I am now to treat, 
the changes of which I have hitherto obſerved, 
are changed into real Nymphs, entirely like thoſe 
of the firſt ſpecies or method of the third order, 
Therefore we may refer all the Nymphs be- 
lonying to this fourth order, to- the Nymphs of 
the firſt mode of the third order: for though the 
Nymph of the fourth order, does not fo clearly 
exhibit its limbs to view, as that of the firſt and 
ſecond order; yet they are more diſtinctly vi- 
ſible, than in the Chryſalis belonging to the lat- 
ter mode of the third order. Hence this Nymph 
muſt be rightly and properly reckoned among 
thoſe, which I have delineated and deſcribed 
under the firſt method of the third order; ſince 
the former exhibits its limbs as clearly as the 
latter. 

To thoſe who examine this Nymph more ac- 
curately, there likewiſe occurs a conſiderable and 
important difterence, which conſiſts in this, that 
this creature does not caſt its skin, but is changed 
within it, and without parting with it, into a 
Nymph. Hence it is, that on account of this 
difficulty of diſtinguiſhing the parts of this Nymph, 
I am obliged to add a fourth order, to compre- 
hend this peculiar kind; though in reality the 
intrinſic Nymph of this fourth order, is exactly 
like the external Nymph of the third order, and 
is of the ſame nature and diſpoſition with the 
latter, without any difference. 

In order to place this matter in as a clear 
a light as poſſible, it is neceſſary to obſerve care- 
fully, that even in the worms, which und 


the changes of this fourth order, the limbs in- 


creaſe ſlowly under the skin, in the ſame manner 
as in the already mentioned Nymphs of the. 


third order; and are there diſpoſed in like mati- 
ner and order under the skin, as they are found 
arranged under it, in the Vermicles or Worms of 
the third order; but there is, however, a con- 
ſiderable difference, by which, as by a criterion, 
or certain ſign, one may diſtinguiſh theſe two 
Nymphs of the different orders from each other. 
It conſiſts in this, that the Nymphs of the fourth 
order do not at all exhibit to view their limbs, 
nor make them viſible at any time : for, as the 
Vermicles, or Worms, which are changed into 
Nymphs of the third order, caſt their skins, 
and afterwards preſent to outward view all their 
limbs and parts, which had been before hidden 
under them; on the other hand, the Vermicles 
or Worms belonging to this fourth order, do not 
caſt, but retain the ſaid skin. And hence, as 
the Nymphs of the third order, when they are 
afterwards about to put on the form of real 
Nymphs, caſt only one skin; theſe interior 
Nymphs of our preſent fourth order, at the fame 
time caſt off two skins or membranes, whereof 
the outer is much thicker than the inner. This 
is what conſtitutes the eſſential difference I have 
named, between the Nymphs of the third and 
thoſe of the fourth order, which are perfectly 
alike in all other reſpects. 

It is very wonderful here, that ſome of the 
Vermicles, or Worms, which are referred to 
our fourth order 'of changes, preſerve their 
original and external form entirely unaltered ; 
whilſt, on the other hand, others in great part 
loſe it. But theſe, though they do thus far de- 
viate from them, yet they never entirely loſe 
all the marks of the former Vermicles, or 
Worms; for they retain, as it were, the figure 
of Vermicles, or Worms: and in this very 
figure, or, to ſpeak more forcibly, in their pro- 
per ſkin, which they do not caſt off, they be- 
come immoveable ; and there ſhooting out new 
limbs, they at length put on the form of real 

| Nymphs, 
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Numphs, within their uncaſt ſkin. And this 
_ 4 therefore, almoſt like that under- 
gone by the Vermicle, or Caterpillar, which is 
changed hidden within its web, and out of 
Gght, as is properly and truly alledged by Mr. 
Ray. Vid. Catalog. Plant, circa Cantabr. naſ- 
cent, P. 137. 1 3 
Since, therefore, the Worm ws retains 
its own proper figure entirely, or deviates a 
little from it; des dh ever o the two forms 
it puts on, yet always increaſes into a Nymph 
within its uncaſt ſkin. Hencc it is, that I 
think it very reaſonable to denominate this 
change by the appoſite appellation of a Nymph- 
Vermicle ; for the Worm, having ſtill retained 
its outer form, acquires the true nature of a 
Nymph in its uncaſt ſkin, Before I further 
explain in what manner theſe worms, which 
either retain their form or partly loſe it, are 
conſtructed internally, Iſhall offer ſome general 
obſervations on the eggs, ſmall animals, Worms, 
and Nymphs in each of the four orders, and 
compare all thoſe proceedings of nature toge- 
ther. This, indeed, will contribute greatly to 
the underſtanding of this our fourth order, 

With reſpect to the eggs of the Inſects in 
the firſt order, it muſt be obſerved, that the 
ſmall animals encloſed in them are like the 
Nymphs of the fourth order; and are ſur- 
rounded or covered with their regular inveſting 
ſkin, in the ſame manner as * Nymphs of 
that order are involved in the ſkin of their 
Worms: ſo that, by reaſon of this integument, 
one can by no means diſtinguiſh the ſeveral 
parts. But the Inſects of the firſt order, with- 
out any intermediate change, directly iſſue per- 
fect out of the ſhells of their eggs; nor are 
they cloathed like Worms firſt, nor do they 
attain the full term of their increaſe before 
they are hatched. And hence it is, that they 
arc not afterwards changed into immoveable 
Nymphs, but only caſt their laſt ſkin: and it 
is therefore for this reaſon I call this change, 
at that time, a Nymph-Animal. 

Moreover, in regard to the eggs of the 
ſecond order, it muſt be obſerved, that the 
Worms contained in them are likewiſe inveſted 
with ſuch a ſkin as thoſe of the firſt order, 
and that there are likewiſe properly Nymphs 
ia it ; but they iſſue from thence imperfect, in 
reſpect to all their limbs and parts, which af- 
terwards inſenſibly increaſe externally in their 
body: and, for this reaſon, the Worm pre- 
cedes that change of them, which I call the 
Nymph-Animal. And hence this ſecond order 


conſiderably differs from the firſt, in which the 


animal iſſues perfect out of its egg. But 
theſe two orders agree alſo in this, that, in 
both of them, the animal increaſes into a 
Nymph, whilſt it is moving and walking 
about; and this Nymph alſo is, without loſing 
its motion, at laſt changed, and it caſts a ſkin. 

The eggs of Inſects of the third order are 
like wiſe inviſible Nymphs, which are placed 
there without food: ſo that, in this reſpect, all 
theſe three ſpecies of eggs agree. But the 
Worms, which, in this third order, creep out 


of the eggs, differ ſill more, in regard to the 
perfection of their parts, from the Worms of 
the ſecond, than thoſe of the ſecond order do 
from the ſmall Animals of the firſt. For all 
the limbs of the ſmall Animals of the third 
order do not grow out of the ſkin, but, in a 
concealed manner, under the ſkin; for which 
reaſon they are removed from our ſight, until 
at length the creatures, having caſt their ſkin, 
and changed their original form, preſent all 
theſe things to view externally. Beſides, about 
this time, theſe Inſects entirely loſe all motion, 
and then put on a-new the ſame habit which 
they had before in the egg. This change I 
call the Nymph and Chryſalis, as being a third 
ſpecies, different from the firſt and ſecond or- 

r. However, all theſe three orders reſemble 
each other in this, that the eggs of each are 
Nymphs at firſt : and the ſecond order yet ſpe- 
cifically anſwers to the third in this, that, in 
each of them, the change into a Nymph is 
preceded by a Worm or Caterpillar. 

Laſtly, the Worms of the fourth order are, 
in their eggs, likewiſe plainly Nymphs, whoſe 


limbs and other parts are ſo involved in the 


ſhells of the egg, that they can by no means 
be diſtinguiſhed: wherefore thoſe Worms thus 
far agree with the eggs of the firſt, ſecond, 
and third order. But theſe differ from, the 
little creatures which iſſue from the eggs of the 
firſt order, in that they break, as imperfect 
Vermicles or Worms, out of their eggs. They 
likewiſe deviate from the Worms of the ſecond 
order, in that their limbs do not grow exter- 
nally, but within their ſkin: and, in this re- 
ſpect, they again exactly anſwer to the Worms 
and Caterpillars of the third order. However, 
they differ alſo from thoſe of the third order, 
in that they never preſent their limbs, in this 
ſtate, to outward view ; but are changed into 
Nymphs within their ſkin, which they never 
caſt off, but become immoveable therein. By 
this means they, in reality, aſſume a ſecond 
time that form which they before had in their 
eggs; and therefore I call this change the 
Nymph-Vermiform, as being entirely different 
from that of the walking Nymphs in the firſt 
and ſecond order: though, with reſpect to all 
the parts, it anſwers to the Nymph of the third 
order, only that it is inviſible. It agrees like- 
wiſe with the ſecond and third order, in that 
the Worm precedes the final change : whereas, 
on the contrary, there iſſue out of the eggs of 
the firſt order of Inſects creatures like their 

arents, nor does the Worm-ſtate precede their 
Nymphs. 

This matter being underſtood, it is clearer 
than the light at noon, how far thoſe eggs, 
ſmall Animals, Worms, and Nymphs of the 
firſt, ſecond, third, and fourth orders agree, 
and in what they diſagree one from another; 
and alſo what is accidental, as it is called, in 
each, and what is eſſential to their ſeveral na- 
tures. Indeed, when theſe things are rightly 
obſerved, there is nothing in our fourth order 
of tranſmutations which may not be clearly 
and eaſily underſtood; ſince the whole conſiſts 
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in this, that the Nymph remains hidden under 
its ſkin, which it never caſts; nor does it even, 
at any time, preſent itſelf externally to view : 
that is, this Nymph lies. hid in its Nymph, in 
the ſame manner as the. little creature of the 
firſt order does in its egg, in which it is like- 
wiſe an inviſible Nymph. or as the Worms of 
the ſecond and third order, which are likewiſe 
inviſible Nymphs in their eggs; or, laſtly, as 
the Worm of this fourth order, which is like- 
wiſe an inviſible Nymph, while in its egg. 
The eggs of all the four orders entirely agree, 
in general and in particular, with the change of 
the Worm of our fourth order into a Vermi- 
form Nymph. 

Having conſidered ſufficiently what has been 
faid, I ſhall proceed to explain how it happens 
that the Worms, belonging to this fourth order 
of changes, do more or leſs deviate from the 
original form of the Worms, though they do 
not by any means caſt their tkin. In order to 
explain this clearly and diſtinctly, I muſt firſt 
obſerve, that ſome of the Worms which be- 
long to the fourth order of changes, are pro- 
vided with hard, tenacious, and ſtrong ſkins ; 
and others, on the contrary, have thin, ſoft, 
and flexible ſkins. This diverſity of ſkin not 
only makes the tranſmutation of form more or 
leſs remarkable, but renders it fo obſcured in 
the Worms inveſted with a ſoft ſkin, that it 
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humours, manifeſtly forms in the uncaſt ſkin 
of the Worm two very conſpicuous cavities, 
one towards the head, and other towards 
the tail and belly of the faid Nymph ; and 


theſe cavities become afterwards larger and 


larger, until the creature has acquired its per- 
fect ſtrength. The very experienced Dr. Har- 
vey has obſerved ſomething like this, con- 
cerning the little cavity in hens new-laid eggs; 
for this alſo is inſenſibly inlarged afterwards, 
by the evaporation of the fluids. 
Wherefore, when the skin is hard and tough 
in theſe Worms, or when it grows ſomewhat 
hard at the time the Worm is inwardly obtain- 
ing the form of a Nymph, the former figure 
of the Worm muſt neceſſarily remain entire: 
whilſt, in the mean time, the little creature 
ou on the form of the Nymph within the 
ardened skin, from which it is more and 
more inſenſibly ſeparating; as I ſhall after- 
wards very clearly demonſtrate, in the figures 
of my fourth order. The ſeveral obſervations 
which I ſhall ſubjoin to theſe, will indeed ren- 
der this matter yet more clear and intelligible ; 
for I preſume boldly to appeal to thoſe obſer- 
vations particularly, ſince I have employed 
thereon all the induſtry I was capable of 
As to the ſecond method of the changes in 
this fourth order, it comprehends thoſe Worms 
which are covered with a ſoft skin; and it of- 
fers one thing to be conſidered particularly, 


becomes entirely incomprehenſible and inex- 
tricable. On the other hand, when the Worms 
Wl are covered with a hard ſkin, we ſee nothing 
of this kind happens; for as their external 
tenacious ſkin cannot form and accommodate 
itſelf to the internal change, which the body 
of the encloſed Nymph undergoes, that ſkin 
neceſſatily retains the figure of a Worm, and 
reſembles it as exactly as if it were ſtill alive. 
When the Worms, which I have referred to 
the firſt ſpecies or method of the fourth order 


of changes, have eaten ſufficiently, and their 


which is, that the external skin accommodates 
itſelf to the body of the Nymph which is in- 
wardly changed. But becauſe this internal 
tranſmutation of the little Body or Nymph 
becomes of the ſhape of an egg, in many ſpe- 
cies of theſe Vermiform-Nymphs, therefore 
the external skin alſo, which is not caſt off, 
then neceſſarily acquires an egg-like figure. 
By this means theſe Worms alto are changed 
into ſuch Nymphs as do not caſt their skin. 
The Nymphs, which are ſubject to this method, 
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limbs are increaſed to the proper degree under 
the ſkin, they ſeek a proper place for them- 
ſelves, wherein they may ſafely and quietly 
iflue into a Nymph. After this they reſt for 
ſome time, until they inſenſibly loſe all their 
former motion. But they are not even then 


conſiderably contracted, nor do they become 


{maller, or are they changed in form; though, 
in the mean time, they put on the form of a 
real Nymph within their uncaſt ſkin. 

Hence, therefore, we draw this important 
concluſion, that the inſenſible perſpiration, 
which I have aſſerted to obtain univerſally in 
the Nymph, may, in this example, be ſeen, 
as it were, with our eyes: for, in the Worms 


of this firſt ſpecies, it is obſerved, that the 


Nymph fills the whole ſkin of the Worm. 
But this Nymph afterwards, changing colour 
in a manner not perceivable by the ſenſes, and 
contracting itſelf by degrees, inwardly recedes 
on each ſide from the extreme ends of the 
{kin, and conſequently then fills only a part of 
it. And this proceſs continues, until the 
Nymph, being more and more contracted, by 
reaſon of the evaporation of the ſuperfluous 


are very complicated and difficult to be known, 
beyond all the reſt of the fourth order, as their 
Worms have a very delicate and tender ſkin. 
Theſe Nymphs, for that reaſon, recede leſs 
from the form of their Worms than thoſe in 
which their ſkin is ſomewhat thicker ; ſo that 
the hardneſs or thickneſs of the ſkin makes the 
change plainer, or more obſcure to us. 
However widely theſe Nymphs differ from 
the prior form of their Worms, they all pre- 
ſerve various traces of that form. In the firſt 
place, they retain the ſkin uncaſt ; and the an- 
nular inciſions, the head, tail, and the reſt, 
are preſerved or altered, according as they more 
or leſs deviate from the form of Worms. Some 
alſo have appearances like legs, horns, and 
other marks. For theſe important reaſons, I 
give them all promiſcuouſly the name of Ver- 
miform-Nymphs ; though I very well know 
that they have been called eggs by ſome induſ- 
trious ſearchers into nature, as Mouffet, Goe- 
daert, the illuſtrious Mr. Ray, and lately by 
the very learned Francis Redi, as if no diſtinct 
limbs could be obſerved in them. But are not 


theſe the very Worms themſelves, which have 
5 within 
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within that skin ſprung up, or budded into 
Nymphs, by means of the accretion of the 
limbs? For what reaſon then, or with what 
right, can We call them eggs? But, beſides all 
this, the gentlemen now mentioned do not 
conſider theſe eggs as real animals, but only 
as ſhells filled with a liquid, out of which the 
animals are at length to be generated by a 
ſtrange and miraculous transformation. Hence 
we alſo obſerve, that Mr. Ray alſo, in his ca- 
talogue of the Cambridge plants, with great 
reaſon doubts, whether the Chryſalis be hidden 
in the egg which they ſpeak of; at the ſame 
time confeſſing, that they want a proper word 
to expreſs this transformation. As this author 
aſſerts a little before, that theſe eggs have the 
ſame relation to the Flies as the Aurelia have 
to Butterflies, he certainly commits a great 
error: for the Aurelia is the inſect itſelf; but 
theſe eggs, as they are called, are only the 
Worm's skins unſeparated, in which is con- 
tained not a Chryſalis, but a real Nymph; 
which clearly and diſtinctly repreſents to the 
life all its limbs, as may at any time be de- 
monſtrated by us. To this we are to add, that 
there is no total tranformation in this egg, as 
they imagine to be the caſe in the Chryſallides. 
However, it is ſufficient for me to have ſet 
forth the matter as it is: for I would by no 
means enter into diſputes about words, but 
would give each its natural fignification, pro- 
vided the eggs, as they are called, be referred 
to the fourth order of diſagreeing tranſmuta- 
tions, which is the moſt worthy of notice in 
all nature ; for in this proper diſtribution of 
things conliſts the great utility of the preſent 
work. 

In proceeding to elucidate this obſcure order 
of changes ſomewhat more, I muſt repeat, 
that theſe Worms, which undergo this parti- 
cular change, do not put off, but abſolutely 
retain, their skin, under which their limbs are 
inſenſibly increaſed and brought to perfection; 
and therefore, if that skin be tender, it accom- 
modates and contracts itſelf to the figure of the 
encloſed Nymph. For the ſame reaſon alſo, 
as the old Skin is preſerved, the original rings, 
which, like ſo many ſmall joints, divide the 
body of the Worm, may be then ſtill ſeen 
therein ; though, in the mean time, theſe inci- 
ſions or rings, in ſome caſes, appear to be obli- 
terated, or nearly ſo, in the skin. This holds 
chiefly, when the inciſions either have not been 
very diſtinct in the Worm itſelf, or when a very 
thin skin, every where entirely obedient to the 
inwardly hidden Nymph, is ſo extended there- 
with, that the inciſions or inflexions of the 
body cannot be any longer known. This I 
have exemplified in Tab. XLV. Fig. xxv1t. 
and xxvIII. | 

J have obſerved alſo, that the skin, which 
is not caſt off, in ſome of theſe eggs, as they 
are called, has been ſo accurately fitted and 
accommodated, all about the body of the 
Nymphs contained within, that it diſtinctly 
and externally repreſented the three principal 


* 


diviſions of the body; that is, the head, tho- 
rax, and belly. And hence it is, that ſome of 
thele Nymphs are obſerved to be, as it were, 
annulated; and others are without rings. This 
has likewiſe been partly obſerved by the before 
celebrated ſagacious gentleman. Thus I have 
briefly explained all thoſe things which I 
thought neceſſary to be taken notice of, before 
I undertook to define this fourth order. 

I now therefore proceed, and ſhall direct all 
my labour to make manifeſt, as clearly as I 
can, the ſtupendous works of the moſt adored 


and all-wiſe Creator, which have been hither- 


to, to our ſhame, but little known ; that we 
may therefore love God, our Creator, with the 
greater and more ardent zeal, and behold him 
with higher veneration. We can neither juſtly 
love or reverence God, ſo long as we are 
darkened with our ignorance. Let us, there- 
fore, give praiſe and thanks to the Supreme 
Architect for his unmerited favour, ſince he 
alone has lighted, and laid before us, the cleareſt 
fire in all nature: a light, which has not only 
eaſily diſcovered his moſt wiſe providence and 
infinite power, in thoſe wonderful means which 
he makes uſe of to defend and preſerve thoſe 
things which he created; but has alſo produced 
thoſe things ſo openly to the view of all men, 
that its ſplendour cannot be obſcured by any 
laboured arguments of human origin. We 
thus ſee, indeed, no more than the ſurface, or, 
as it were, the ſhadow of the wonderful works 
of God delineated here, or by any other. And 
this ought, indeed, to be the greateſt encou- 
ragement to us, that we may indefatigably 


_ exert ourſelves in theſe reſearches, and rather 


ſeek for the cauſes and effects of things in na- 
ture herſelf than in our ſtudies. Indeed, moſt 
people are at this time ſo blind, that they ima- 
gine no truth ariſes from any other ſource than 
out of their reaſonings; to which they con- 
tend, place ſhould be given as to matters 
which ſurpaſs even nature. Indeed, we can- 
not know natural things but by their effects, 
being incapable of comprehending their cauſes. 

Let us return now to what we propoſed ; 
and let it be obſerved, that our fourth order of 


changes conſiſts only in this, that the Worm, 


having quitted its firſt form, which it had in 
its egg, wherein it lay, like a Nymph, without 
food, inſenſibly acquires, by force of the ali- 
ment it 1s afterwards ſupplied with, other limbs 
and parts, ariſing by accretion under its skin ; 
and afterwards, at length, in this its skin, which 
is never caſt off by it, as it is by other creatures 
that are changed into Nymphs, it aſſumes the 
form of a ſecond Nymph, and for the firſt 
time loſes, as it were, all its motion. This, 
however, is in a few days reſtored to it, by the 
evaporation of the ſuperfluous humours : fo 
that the Worm, then laſtly diſengaging itſelf 


from theſe skins, caſt two skins together; and 


now diſplaying itſelf with pride, in a more ele- 
gant garb, and become mature, as it were, for 
propagation, it immediately ſhews itſelf ready 
to perform this, the great buſineſs of its life. 
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A catalogue of the inſetis referred to the fourth order or claſs of natural changes | 
which we call the Vermiform Nymph. | 


AF T E R having ſet forth, with all the per- 
ſpicuity and diſtinction I have been able, 
the four orders of changes which I have eſta- 
bliſhed, and before enumerated the inſets of 
the ſecond and third order, I now proceed to 
recount thoſe creatures which I obſerve to be- 
long to the fourth. A great number of theſe 
I have preſerved in my Muſeum. 

Firſt, Irefer to this fourth order the eggs of 
inſets in general: not only thoſe, which pro- 
duce a perfect creature according to the firſt 
order, and thoſe which, in the ſecond order, 
contain a Worm ; but alſo thoſe which, in the 
third and fourth orders, produce a Worm or 
Caterpillar. For I obſerve, that all theſe crea- 
tures and the Worms are diſpoſed in their eggs 
and skins, nearly in the ſame manner as I have 
ſaid the Nymph of the fourth order, a little 
before deſcribed, is in its uncaſt skin. Even 
thoſe little creatures, which iſſue perfect or im- 
perfect out of their eggs or ſhells, caſt two 
skins at the ſame time: and this has appeared 
to me very evidently in ſome ; nay, I can ſepa- 
rate even the external from the internal in 
ſome of them, as I ſhall ſhew hereafter in my 
figures. From this the reaſon is evident, why 
I ſay that theſe inſects lie in their eggs like 
Nymphs, and are as much removed from our 
view as the Nymphs of our fourth order, juſt 
now deſcribed; that is, as I have already ob- 
ſerved, the external skin, in each caſe, prevents 
the Nymph from being ſeen and known. 

Of thoſe eggs, which, in my firſt order or 
claſs of changes, I called Oviform-Nymph- 
Animals, and, in the ſecond, third, and fourth 
orders, Oviform-Nymph Vermicles ; I preſerve 
a great many ſpecies, vaſtly different from each 
other, not only in ſhape, ſize, and colour, but 
in their origin likewiſe, being, as I have al- 
ready obſerved, the produce of different inſects. 
Particularly, there are in my collection ſome 
very minute Flies, immediately ſprung from 
the eggs, which the Moths faſten with a kind 
of glue round the branches of trees, in form of 


a ring. Hence it plainly appears, that the eggs 


of ſuch inſects belong to the firſt mode or me- 
thod of the fourth order. 

Having ſaid thus much of eggs in general, I 
now, in the ſecond place, and in a more parti- 
cular manner, refer the Worms found in our 
privies, or neceſſary-houſes, to the ſame order, 
and the ſame mode of change, as, on their 
alteration to Vermiform-Nymphs, they loſe 
nothing of their original ſhape ; but are only 
covered with a hard and ſtubborn skin. I can 
produce that ſpecies of thoſe Worms, and of 
their Vermiform-Nymphs, from which the 

common Flies of neceſſary-houſes proceed; 


* 'The origin of this Fly is, indeed, very ſtrange. The parent * its egg in the fundament of a horſe, watching the oppo 


nity of the creature's voiding its exerements for this purpoſe. From 


and have therefore given, in the XXXVIIIth 
Table, drawings of this inſect in the Worm, 
Nymph, and Fly-ſtate, beſides one of its eggs, 
which are very remarkable, drawn from a ſpe- 
cimen I keep amongſt my other curioſities of 
this kind. 25 
Thirdly, I place in this order the Vermiform- 
Nymph of the Gadfly, as it perfectly retains 
the form it wore in the Worm-ſtate. The 
XXXIXth, XLth, XLIſt, and XLIId Tables, 
with their explanations, give a ſatisfactory ac- 
count of every thing for which this inſe& is 


particularly remarkable, in diſpoſition, ſhape, 


and changes from a Worm to a Fly; includin 

the figures of the apparent Nymph, and that 
of the real Nymph, which the apparent 
Nymph includes. 'This Fly, as Ariſtotle rightly 
obſerves, proceeds from a kind of broad and 
flat water Worm; the ſame with thoſe inſets. 
which Aldrovandus, without knowing that 
they produced the Gadfly, has deſcribed by the 
name of Water-worms, or Inteſtines. ] pre- 
ſerve four ſpecies of this Worm, with the Flies 
to which they change; as likewiſe an apparent 


Vermiform, or worm-like Nymph, of a very 


ſingular ſhape, and the real Nymph, extracted 
by diſſection from the inſect in that motionleſs 
condition, I have frequently met with this 
kind of Fly, about the end of ſummer, in the 
flowers of the garden-parſnep ; though, at the 
time when I formerly made my ſelect obſerva- 
tions, I could not diſcover what their food was. 
I likewiſe reckon of this order the Vermi- 
form, or worm-like Nymph of the Tabanus, 
or Breezefly ; though I am, as yet, at a loſs for 
its * origin : but I have great reaſon to believe, 
that the manner of its becoming a Fly is the 
ſame with that of the Afilus, or Gadfly. It is 
very remarkable, that nature has given theſe 
inſects an aculeus, or ſting, as well as a trunk; 
ſo that they may either make uſe of the trunk 
to procure the honey, dew, and other juices 
which ſpontaneouſly offer themſelves upon 
plants and flowers; or of the aculeus, or ſting, 
to ſuck blood of ſuch creatures as they are 
obliged to kill or wound to feed upon. How 
admirable the mercy of their Great Parent, in 
having ſupplied them with this double reſource 
in their neceſſities! Gnats ſeem to partake alſo 
of this advantage; but as to other inſects, 
which feed upon blood, ſuch as Bugs and Fleas, 
I muſt refer, for the ſhifts they can make, to 
future experiments. Another thing remark- 
able in theſe inſets is, that the honey-juices 
they ſuck up with the proboſcis, or trunk, are 
always accompanied by a quantity of air, 
which may be very eaſily ſeen, eſpecially in 
the trunk of the Butterfly. | 


rtu- 
is egg are produced the Worms which farriers call Bots, in the 


inteſtines of horſes. Having lived their time in the creature, they are voided with its dung, and take their chance for paſſing the 


Nymph-ſtate upon or juſt under the ſarface of the ground; after which they appear Flies, Ii 


the parent. 
In 


* 


chis order alſo I rank the Horſe fly, par- 
e to called, of which I have, as I think, 
ſeveral different ſpecies. I cannot indeed poſ- 
ſitively affirm, thas they all properly belong to 
it ; for to do that, I ſhould have many more 
obſervations, which I muſt leave to be made 
by others that can take due pains, and have 

re lieſure. | 

""Fourthly, I place in this order the Vermi- 
form Nymph of the ſtingleſs Bee, or Muſca- 
ſtercorariae, or Dung fly, of Goedaert ; tho 
it agrees with the laſt mode or method of this 
order ; for its Worm has a much more deli- 
cate skin, than the Worms hitherto taken no- 
tice of as belonging to the former mode; ſo 
that its Vermi-form, or Worm-like Nymph, dif- 
fers greatly in ſome parts from the form of 
the Worm in which it before appeared, This 
Worm is beſt diſtinguiſhed by the extraordi- 
nary length of its tail. It is produced from 
eggs which the Fly, to which it turns, depo- 
fites alſo in neceſſary houſes. Amongſt the 
Flies to be ſeen in ſuch places, ſpecimens of 
which I preſerve in my Muſæum, there is one 
of which I have now been ſpeaking, with feet, 
horns, and tail, and likewiſe its Vermi-form 
Nymph with the ſame parts. All theſe lit- 
tle creatures are ſeparately exhibited in Tab. 
XXX VIII. | 

Fifthly, I refer to this order the Vermi-form 
nymph of the Acarus, which exhibits, though 
ſomewhat obſcurely, the ſhape of its Worm; 
for as its skin is very tender, it contracts itſelf 
To as to appear externally of an oblong 
round figure like an egg. I can oblige the 
curious with a view of this Worm's Nymph, 
the skin it caſts, and the Fly it produces; 
and for the preſent, they may amuſe them- 
ſelves with Tab. XLIII. where theſe cu- 
rioſities are all repreſented as big as, and alſo 
bigger than the life, and with the ſeparate de- 
ſcriptions that I have given of them. One 
thing very remarkable in theſe Flies is, that in 
its act of copulation, the penis of the male re- 
ceives into its cavity the vulva of the female. 

Sixthly, I count of this order the Vermi-form 
Nymph, of a certain greeniſh Worm without 
legs, that lives upon the leaves of cabbage, and 
.of which I intend to give a hiſtory in its proper 
place. In the mean time, I preſent the readers 
with figures of the Worm itſelf, its true Nymph, 
and the Fly iſſuing from it, in Tab, XLV. Fig. 
XXV1. and following figures. This Worm in 
the Nymph-ſtate loſes more of its form than the 
Acarus, as it has a more delicate ſkin; but this 
particular will hereafter be taken notice of in the 
hiſtory of the inſect. ; 

Seventhly, I give in this order, which I have 
eſtabliſhed, all thoſe Vermi-form Nymphs, or, as 
fome call them, eggs of Worms, which are no- 
thing but the Worms themſelves contracted into 
the form of an egg, and are very prepoſterouſly 
thought to proceed from putrified animal ſub- 
ſtances, Such Worms, after loſing all motion, 
change to trueNymphs within their external skin; 
and fo reſemble Vermiform Nymphs; from which 
in a few days, there proceed a great number of 
different kinds of flies. Nor do theſe flies differ 
only from each other, but like wiſe the Worms, 


The HISTORY of INSECTS. 


35 
from which they originally, and the Vermi-form 
Nymphs from which they immediately proceed, 
have the ſame variations ; for ſome- of theſe 
Nymphs are in appearance more like "pgs than 
others, in proportion to the delicacy of the Worm's 
{kin which produces them, or to the reſemblance 
which the Worm itſelf has to an egg. | 

All thoſe Worms void their excrements on the 
fleſh upon which they feed, which not only 
makes ſuch: fleſh putrify, and ſtink the ſooner, 
but increaſes its natural ſtench and putrifaction. 
Redi has deſcribed many ſpecies of thoſe Vermi- 


form Nymphs ; but he calls them all eggs, with- 
out making the leaſt mention of their being the 


real Nymphs of Worms, changed to that ſtate, 
without caſting their external ſkin. However, we 
muſt allow him the honour of having proved, 
by the moſt ſolid arguments, that theſe Nymphs, 
or eggs, as he calls them, are not generated of 
putrifaction. 

Eighthly, I innclude, in this fourth order, all 
theſe Worm-like, or, as they are called egg- like 
Nymphs, produced from contracted Worms, 
which we know, by obſer vation, conceal them- 
ſelves in the bodies of living Caterpillars, out of 
which they again eat their way. Theſe Worms 
then loſe all motion without caſting their external 
ſkins, ſo as to aſſume the appearance of Vermi- 
form or Worm-like Nymphs; and, in a few 
days more, they turn to many very different ſpe- 
cies of Flies. I muſt own it an error, to give 
the epithet of Oviform or egg-ſhaped to every 
kind of Nymph produced in this way; for, 
there is, on the contrary, fo great a variety in 
their forms, that it would be the buſineſs of an 
entire treatiſe,” to give ſeparate deſcriptions and 
figures of them all, 

I do not find that theſe Worms void any ex- 
crements, after quitting the bodies of the Cater- 
pillars upon which they feed ; they immediately 
contract themſelves, and become motionleſs within 
their external ſkin, till at laſt they are thus under 
its coverture changed into true Nymphs, in every 
reſpect like thoſe already deſcribed, as belonging 
to the firſt ſpecies or method of the third order. 
This kind of mutation in inſects, performed by 
their contracting themſelves into the Nymph- 
form, after gnawing a paſſage out of the bodies 
of Caterpillars, into which they had inſinuated 
themſelves, has not as yet, as I know of, been 
obſerved by any writer, 

I have alſo remarked, that theſe Worms have 
ſometimes remained in the hollow of the Cater- 
pillar's body, after they had entirely devoured its 
fleſh, and thus turned to Flies, after paſſing thro' 
the Nymph-ſtate ; ſo that, in order to appear, 
they muſt haye forced a paſſage through three 
different ſkins, namely the membranaceous ſkin 
immediately covering the Nymph, the external 
ſkin of the Worm from which they originally 
* and laſtly, the ſkin of the Caterpil- 

, Whoſe carcaſs they had preyed upon. 

For want of ſufficient experiments in an af- 
fair that would require a great many, I cannot 
as yet take upon me to determine, how the 
Worms, of which I have been ſpeaking, come 
to be found in the bodies of Caterpillars; whe- 


ther it be that they are introduced into them in 


the 
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the form of eggs, or whether they proceed from 
them as from an internal principle ? A great deal 
may be faid in favour of either ſyſtem ; it is 
therefore neceſfary, that I ſhould defer, for ſome 
time, the diſcuſſion of this important queſtion, 
as I c yet produce any ocular demonſtration 
to ſuppoft either opinions. Nevertheleſs, I muſt 
obſerve to ſuch as are fond of natural hiſtory, 
that it is impoſſible for them to gain a 

knowledge of the diſpoſitions and changes of 
Caterpillars, without feeding on rw a great 
number of thoſe inſects of the ſame ſpecies, in 
order to have an opportunity of tracing them 
through all their changes: nor will this care alone 
be ſufficient, for nothing but repeated diſſections 
can give any ſatisfactory idea of their internal 
parts, The naturaliſt, who ſhould think of ſuc- 


ceeding in any other manner, would lofe his gr 


pains, and remain in perpetual ignorance, 
Ninthly, I reckon, among the creatures of 
my fourth order, thoſe Vermi- form Nymphs, or, 
as they are otherwiſe called Eggs of Worms, 
which are produced by thoſe contracted Worms, 
which, it is pretended, iſſue from the putrified 


bodies of Aurelic. We ſee great numbers of 


different kinds of Flies, iſſuing from ſuch Worms, 
in a few days after they become motionleſs, within 
their ſkins, and thereby aſſume the appearance of 
theſe Vermi-form nymphs we have been diſſect- 
ing. Mouffet was the firſt who took notice of 
theſe kinds of mutation. After him Goadaert 
treated of them; and ſince him Redi, and many 
other authors. I have given by itſelf, Tab, 
XXXVIII. Fig. x, a drawing of one of theſe 
Worms, and likewiſe of one of the Vermi-form 
Nymphs, whole reſemblance to an egg is merely 
ſuperficial. 

place alſo in this my fourth order, the Ver- 
miform Nymphs proceeding from Worms, 
which, contracting themſelves within the bodies 
of Aurclize, without caſting their external ſkin, 
thus acquire the ſhape of an egg; this is a thing 
which I very ſeldom have had an opportunity of 
ſeeing ; for theſe Worms generally open them- 
ſelves a paſſage out of the Aurelia, as ſoon as they 
have acquired their full growth, as I have ſhewn 
already. There is ſufficient reaſon why they 
ſhould do this. The Chryſallides are generally 
ſomewhat moiſt, which makes it neceſſary for 
the Worms contained in them, to leave their 
bodics, and find out a more convenient fituation 
for their external ſkin to harden, in order to their 
becoming Nymphs. But whenever it happens, 
that when all the moiſture of the Chryſalis is 
exhauſted' by theſe Worms as their food, ſo as 
to permit the ſkin of the Chryſalis itſelf to harden 
and grow dry, then the encloſed Worms remain 
within it till they become Nymphs, and from 
Nymphs, Flies, to appear abroad; in which form 
they muſt alſo make their way through three 
different ſkins, as well as the Flies generated in 
the bodies of Caterpillars, whoſe labours on the 
like occaſion, have already been taken notice of, 

All thoſe Nymphs of our fourth order, hi- 
therio taken notice of, change in the end to diffe- 
rent kinds of Flies, as has been already obſerved, 


and I preſerve a great variety of the Flies pro- task to deſcribe them fo as to be diſtinguiſhed 


duced from them, among my other natural cy. 
Having thus enumerated the inſects that pro- 
perly belong to my fourth order, - I ſhall finally 
add to it all the Nymphs of thoſe Worms of the 
firſt, ſecond, third, and fourth orders, which 
are changed into the faid form of Nymphs, 
within the bodies or ſkins of other Worms, of 
Caterpillars, Nymphs, or Chryſallides, as like- 
wife thoſe changed within the ſeveral excreſcen- 
ces of trees and their leaves, in form of watts, 
galls, and the like. However, I muſt obſerve, 
that I do not rank fuch Nymphs in the fourth 
order, as having any further right to it, than 
that of becoming Nymphs, like the Worms 
which really belong to it, in an obſcure, hidden, 
and myſterious manner. A perſon muſt have 
eat experience in theſe little creatures, to be 


able to ſpeak of them with certainty in their 
whole hiſtory. ; 

In the eleventh place, I likewife reckon of 
this order, all thoſe genuine Nymphs which are 
to be found within the body or ſkin of any 
Worm or Caterpillar, and are the offspring of 
Worms, which have preyed upon the fleſh of 
that Worm or Caterpillar in which they are 
found. Thus it now and then happens, that a 
Worm or Caterpillar, not having ſtrength enough 
to caſt its ſkin, becomes hard and firm, without 
loſing any thing of its external form; in which 
caſe, the worms that have hid themſelves in it, 
devour all its fleſh, and being freed in this man- 
ner from any neceſſity of altering their ſituation, 
they change there to genuine Nymphs, and af- 
terwards to Flies. Sometimes a Lage Worm of 
an extraordinary ſize poſſeſſes himſelf in this 
manner, of the whole body of another larger 
Worm, and without ever leaving it, becomes 
therein a Nymph, and afterwards a Fly. But if 
the Caterpillar ſhould retain vigour enough, not- 
withſtanding ſach cruel treatment, to throw off its 
external ſkin, and reach the ſtate of a Chryſalis, 
then the body of ſuch Chryſalis becomes the 
ſcene of all the foregoing mutations. 

What ought to be conſidered as a greater 

radox than all, is, that theſe Worms ſome- 
times deſert the body or ſkin of the Caterpillar, 
upon which they had hitherto preyed, and upon 
deſerting it, encloſe* themſelves in an oviform 
web, within which, they at length change to 
real Nymphs, and afterwards into Flies. I ſhall 
have an opportunity of treating this ſubje& more 
at large, when, if it pleaſe God, I come to pu- 
bliſh my ſelect obſervations ; fo that at preſent, 
I do not pretend to treat of this change in a par- 
ticular manner. 

Twelfthly, I refer to this fourth order thoſe 
genuine Nymphs, which become ſuch from 
Worms, within the ſkins or bodies of Chryſal- 
lides, in the ſame manner with the Worms of 
our third order, and firſt method; but I mean 
only fuch Nymphs as are found ſingle in the 
Chryfallides corroded by them. | 

I have obſerved, that thoſe Nymphs are of 
many and various kinds, and indeed fo different 
one from another, that it would be a difficult 
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each from the reſt, without the help of particular 


There is one thing remarkable in fuch 


Nymphs, which is, that we may eaſily obtain 
a full and ſatisfactory. view of their change from 
the Worm to this ſtate, and of the admirable or- 
der obſerved by nature, in affecting this tranſ- 
mutation, ſo as to trace with fs, the mu- 
tation hitherto conſidered as a metamorphoſis of 
the creature, from a Worm to a flying Inſect. 

I cannot therefore ſufficiently wonder, that none 
of the authors, whoſe works I have read, have 
taken any notice of the Worms now under our 

conſideration, or given us any drawings of the 
Nymphs of ſuch Worms. Goedaert, it is true, 
was acquainted with the Flies, to which they at 
laſt change, and has given us pretty good figures 
of them. To deſcribe theſe Flies in a few words, 
I need only remark, that I have already taken 
ſufficient notice of them under the name of the 
Pſeudo-ſphecz in the detail of my third order, 
to which they properly belong : in that place too, 
I obſerved, that-Goedaert's devourer or deſtroyer 
of Spiders, ſhould be looked upon as a Fly of 
the ſame tribe. | 

I ſhall now deliver the method of viewing 

theſe moſt ſingular and intereſting changes. Care 
muſt be taken to obſerve when the Chryſallides 
harden, and change colour ; juſt at that time they 
are to be broke open, and the encloſed Worm 
taken out, and put into a little box, where you 
may very diſtinctly and conſpicuouſly behold its 
gradual change to a Nymph, and from a Nymph 
to a Fly. 1 ſhall, at another time, with God's 
| permiſſion, and with a view of promoting the 
glory of the wiſe and powerful Creator, endea- 
vour to ſet in the cleareſt light, among my ſelect 
obſervations, the manner of ſuch mutation ; and 
likewiſe to ſhew what a great quantity of excre- 
ments this Worm voids in the mean while; and 
how it ſometimes is obliged to ſpin a web, with 
many other particulars very well worth the at- 
tention of the curious. At preſent, I have not 
oppportunity to dwell any longer upon this ſubject. 

In the thirteenth place, I count of this order 
thoſe Nymphs which become ſuch, and after- 
wards Flies, from fifty to two hundred together, 
in the ſame manner with the Nymphs laſt men- 
tioned, within the body, or skin of a ſingle 
Chryſalis, and proceed originally from a great 
number of little Worms that have preyed upon 
this Chryſalis. Theſe Flies alſo were known to 
Goedaert, though he was altogether ignorant of 
the true manner of their generation, or the real 

nature of the Nymph, by which alone theſe hi- 
therto ſo perplexing appearances can be ſolved. 
Nor ſhould I have ſucceeded any better than thoſe 
who have gone before me in this province of 
Natural Hiſtory, had I not, purſuant to the 
advice of the immortal Harvey, called anatomy 
to my aſſiſtance, upon every occaſion, and la- 
boured with inſuperable patience to diſcover, and 
diſtinctly comprehend, the true principles of thoſe 


ſphecæ. All inſects are directed by inſtinct to d 
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ſurpriſing changes, as often as there was a poſſi- 
bility of diſcovering and comprehending them. 
Without experiments, we cannot expect any 
clear and certain knowledge in matters of this 
kind, whether our concluſions are drawn imme- 
diately from our own reaſonings concerning the 
things before us, or from inductions built upon 
their reſemblance to others, we are equally liable 
to go aſtray, and miſtake the productions of our 
own imagination for the repreſentations of nature, 
as ſubſequent experiments generally prove. Deſ- 
cartes therefore had great reaſon to ſay, that he 
ſet more value upon the ſolid experiments of me- 
chanicks, than the barren and fine-ſpun contem- 
plations of philoſophers. The creatures juſt 
taken notice of, as appearing in great numbers 
within the ſkin or body of a ſingle Chryſalis, 
may be traced through all their mutations, in the 
fame manner with thoſe that require each of 
them an intire Chryſalis for this purpoſe ; and 
certainly a favourable opportunity of viewing, 
though but-once, ſo great a miracle in the works 
of nature, muſt afford the higheſt pleaſure to 
thoſe who are deſirous of being acquainted with 
ſuch wonders : but now they may eaſily pro- 
cure themſelves this ſatisfaction, as I have, I 
flatter myſelf, removed, though not without great 

ins, the many obſtacles which hitherto op- 
poſed their deſires. 

I place alſo in the fourth order, thoſe genuine 
Nymphs, which become ſuch from Worms of 
a particular kind, found within the bodies of 
larger Vermiform Nymphs, in the ſame manner 


with the Worms of the firſt mode of the third or- 


der. This I had an opportunity of obſerving in the 
Vermiform Nymph of the common Fly of our 
neceſſary-houſes; and the ſame is to be obſerved 
allo in the inſects of the firſt order. 

In the fourteenth place, I muſt add alſo to 
this order, all thoſe genuine Nymplis which we 
find in the middle of fruit, in the warts of 
ſhrubs *, and the leaves of plants, in rotten parts 
of wood, and in other obſcure and ſecret places. 
I have collected ſome of theſe Nymphs, and the 
Flies into which they change; as alſo the ſeveral 
ſubſtances in which the worms are found; all 
which the curious are welcome to examine, that 
the adorable Author of ſuch wonders may re- 
ceive an additional tribute of praiſe and glory. 
I preſerve likewiſe ſome of thoſe Flies which 
proceed from the little Worm, that Redi found 
within the excreſcencies of willows, without be- 
ing ever able to diſcover their changes. On open- 
ing the bodies of theſe Flies, we meet with eggs, 
which perfectly reſemble thoſe found in the ſame 
excreſcences ; from whence, as well as from 
many other obſervations, we may fairly conclude, 
that all the Worms found in vegetable ſubſtances, 
are originally depoſited there by the parent in- 
ſects in the form of eggs. For a particular il- 
luſtration of theſe things, I muſt refer to the 
explanations of the XLIV. and XLV, Tables. 


* Theſe all owe their origin to eggs of Flies, U to the ſeveral ſpecies of Ichneumon-fi which this author calls Pſeudo- 


of leaves. Theſe Flies lodge them in the ſubſtahce. Th 
the body, and with this they 
mal, alter the courſe of the fibres, and hence ariſe 


t their eggs where the young will find food, 
have for this pu 
bore a hole in the leaf or rind, and lay their e 


atterflies do this on the ſurfaces 
ſe a hard and ſharp inſtrument at the hinder part of 
The wound and juices thrown into it by the ani 


ls on the oak; in each of which, there always is a worm originally, the burrs 
upon the Dogroſe, and innumerable other vegetable excreſcences, a 
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In the fifieenth place, I muſt inſert in this or- 
der, all thoſe inſets that change, as it were, into 
a kind of web. To this claſs or order, more 
particularly belong thoſe little Worms, whoſe 
web is ſo fine, tender, and delicate, that a per- 
ſon muſt have great practice in things of this 
Kind, to open it without breaking. Within this 


web, the Worms change to very ſmall Nymphs. 


I therefore refer to this order Goedaert's Flies, pro- 
duced from the genuine Nymphs of Worms, 
which the ſaid author tells us in his-xith Expe- 
riment, Part I. crept out of the body of a Ca- 
terpillar that fed upon cabbages, and then made 
themſelves each a neſt of a yellow ſilk, in which 
they afterwards ſhut themſelves up. But Goe- 
daert knew nothing of the Nymphs of thoſe 
Worms, as appears by all that he ſays in the 
place already cited. Nor was accurate Mr. Ray, 
Catalog. Plant. page 137, already mentioned, 
happier upon this occaſion than Goedaert, whoſe 
obſervations he was acquainted with. This 
gentleman imagined, that the Worms here 
ſpoken of, lay hid within their webs in the form 
of Worms: he even went further, and commit- 
ted another miſtake, in thinking that the eggs 
of theſe inſets, diſtinguiſhed by annular inciſi- 
ons, were real Nymphs, and not their ob- 
long tranſparent eggs: for thoſe alone are Ver- 
miform-Nymphs, though both in reality certain 
genuine Nymphs not as yet viſible. I bave ſome- 
times alſo obſerved Worms, which form for 
themſelves under ground an oviform caſe or 
ſheath, which a perſon, not acquainted with 
things of this nature, might eaſily miſtake for a 
Vermiform-Nymph. 

Moreover, I give a place in this order to ſuch 
Nymphs of Worms or Caterpillars, as are found 
upon the leaves of willows, encloſed in a very 
fine and delicate covering, or web of the ſame 
kind. Theſe Nymphs ate changed in time to a 
very delicate Fly, which the curious may ſee 
together, with its web or covering, among my 
other curioſities, : 

Laſtly, I refer to this order the genuine 
Nymphs of a kind of Worms, which having 
made their way through the Caterpillar's ſkin, 


NATURE; 


or, 


upon the fleſh of which they had fed, not only 
ſpin themſelves a covering of white filk, but for- 
tify it with a kind of cottony ſubſtance, which 


the parent Caterpillar had formed for its own 


uſe; and ina few days after this operation, force a 
paſſage through both theſe encloſures in the form 
of Flies. I preſerve in my collection almoſt all the 
different kinds of Flies hitherto mentioned, with 
their coverings or webs, ſo that I can give, ina 
manner, an- occular demonſtration to thoſe who 
deſire it, of every thing that I have advanced con- 
cerning them. I have, beſides theſe, many other 
kinds of webs, which my defire of making a 
ſpeedy end of this ſubject, hinders me from 
enumerating at preſent. | 

I may include, in this order, in the ſixteenth 
place, all the genuine Nymphs which have ariſen 
from Worms, which undergo their changes 
within very {lender and delicate habitations of 
their own forming, and which they conſtantly 
carry about them, as ſnails do their ſhells, till 
at laſt they change to Flies, and again betake 
themſelves to the open air. I preſerve, in my 
Muſeum, a great variety of ſuch Flies, and their 
Nymphs and Worms, together with the ſurpriſ- 
ing caſes of the Jatter, in which they lie hid, and 
wherein they walk about with, ſome in the 
earth, and ſome in the water. Some of theſe 
Worms are mentioned by Aldrovandus, who 
deſcribes them by the name of Xylophthori, or 
Worms that deſtroy timber. I have likewiſe 
ſome Flies which are produced from theſe 
Worms, a few of which have been already de- 
ſcribed under the name of Ephemeri. Laſtly, 
it muſt be remarked here, that all the Nymphs 
of the fourth order, may truly be reckoned of 
the third, if we conſider them in themſelves 
alone, and without paying regard to their ſkins, 
which they do not caſt, or the webs and hidden 
caſes, in which they conceal themſelves. 

Thus I ſhall finiſh this enumeration, and ge- 
neral deſcription ot the inſects of the fourth or- 
der, which I ihall hereafter more particularly 
treat of, and illuſtrate by juſt and careful. hiſto- 
ries, and convincing examples, | 


A ſingular example of the fourth order of mutations, exhibited in a Fly ; whoſe 
metamorphoſis, or natural accretion into the firſt form of its limbs, and other 


parts, I call a Vermiform-MNymph. 


TAB. XXXVIII. 
N ITE Worm of the common Fly of 
our privies or boghouſes, repre- 
ſented of its natural ſize, and as it appears un- 
der its firſt coat or ſkin, in which form it is 


called an egg. This firſt figure exhibits the | 
this Worm are very ſhort, and narrow withal, 


egg, as viewed with the afliſtance of the mi- 
croſcope. 


Ne. II. The double coat or ſkin of the egg, 
which ſkin or coat the Worm leaves behind it, 


when it is hatched; or, in other words, creeps 


out of it. This coat is repreſented as magni- 
fied by the microſcope, to twice its natural 


ſize. 


No. III. The Worm itſelf, ſomewhat bigger 
than it really is, when it has juſt crawled out 
of the membrane, in which it was concealed 
under the form and name of an egg. 

NC. IV. The fame Worm, arrived at its full 
growth, and crawling about. As the feet of 


it always moves, and, as it were, draws itſelf 
forward by the help of its head or beak : there- 
fore, if you put it on a ſmooth piece of glaſs, 
it walks with great difficulty; whereas, upon a 
coarſe cloth, it will advance pretty briſkly ; for 


it thruſts its head into the little hollows and 


cavities of the cloth, and very nimbly draws 
up 
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to the head, where thus anchored: as it 
yr ch the reſt of its body, which has only very 
ſhort feet about the hinder part of the belly. 
In this reſpect, therefore, the Worm, of which 
1 am ſpeaking, agrees very remarkably with 
the water Worm, from which the Afilus or 
Gadfly proceeds. The Worm of that Fly car- 
ries its feet, as it were, in its mouth; but I 
cannot pretend to ſay the ſame thing of the 
boghouſe Worm, as I have not as yet exa- 
mined it ſufficiently; though I think it very 
probable, that its principal feet are ſituated in 


that part. The third figure exhibits this Worm 


increaſed by the microſcope, to a conſiderable 
magnitude. / | 
Ne, v. I exhibit in this place the Worm 
already repreſented under the form it has, after 
loſing all motion, without caſting its ſkin; 
within which, notwithſtanding, it becomes a 
genuine Nymph: and its becoming a Nymph, 
in this manner, mult, I think, be looked upon 
as a ſufficient reaſon for my giving it this new 
name of the Vermiform-Nymph, ſince, at the 
ſame time that it retains the appearance of a 
Worm, it really changes, under ſuch ap- 
pearance, to a genuine Nymph. This ſpecies 
of Nymph, with the Worm's {kin upon it, in 
the fourth figure, as it appears when magnified 
by a microſcope, and the Nymph itſelf ſtripped 
of its ſkin, is exhibited in the fifth figure, 
ſomewhat larger alſo than nature: but the 
ſixth and ſeventh figures, next following, re- 
preſent it magnified to much larger dimen- 
fions. | 
N?. VI. Exhibits the boghouſe Fly in its 
perfect ſtate, as it appears when it has caſt its 
two ſkins together ; namely, the external hard 
ſkin, in which it had the ſhape of a Worm, 
and under which it continued when changed 
to a Nymph ; and the internal and more deli- 
cate skin, proper to it as a Nymph; for this in- 
ſe& throws off both theſe skins at the ſame 
time. We may obſerve here, with what ex- 
traordinary elegance it 1s cloathed, when the 
time is come for it to appear abroad, and at- 
tend to the great work of propagating its ſpe- 
cies ! The eighth figure exhibits the Fly, as it 
appears when greatly magnified by the micro- 
ſcope. I ſhall hereafter explain this figure at 
large, when I come to deſcribe the inſect's ex- 
ternal ornaments. There is, it appears, a re- 
markable difference between this order of 
changes and the firſt ; as, in the firſt, the crea- 
ture iſſues perfect from its egg, without paſſing 
through any intermediate ſtate. This order 
differs alſo from the ſecond, as the inſets of 
that order acquire certain membranaceous caſes 
or coverings of the parts within, which riſe 
above the reſt of the ſurface of their bodies. 
And, finally, it differs from the third order, 
in which the creatures caſt, at different times, 
the skins wherein they appear as Caterpillars, 
and the covering they afterwards wear in the 
form of Nymphs; for, in the fourth order, 
both theſe coats come off together. On the 
other hand, the inſets of all theſe orders have 
thus much in common: they are Nymphs un- 


39 
der all theſe ſtates, and in every order; and 
they ſo long and fo often change their skins; 


till they are become perfect and ready for the 


work of generation. The Nymph, therefore, 
having its place in all the four orders, is the 
true, the only, and immutable foundation, 
upon which the changes of all theſe inſects 
depend, as I have attentively and at large de- 
monſtrated in the beginning of this work. I 
make only a curſory mention of it in this place, 
the better to fix ſo important a truth in the 
memory of my readers. 
TAB. XXXVIII. Fr. f. 

By this figure, which repreſents the bog- 
houſe Fly's egg bigger than nature, we obſerve 
that it is of an oblong and angular conſtruc- 
tion, ſo as to form, in a manner, an elegant, 
chequered, and reticulated repreſentation of 
that kind of cake known in Holland by the 
name of Woffel. Theſe eggs are of a delicate 
whiteneſs, and they have two integuments, 
which are eaſily diſtinguiſhed one from the 
other. The outer integument is the real ſhell; 
and this is, in every reſpect, like the ſhell of 
a hen's egg, as appears by its breaking to ſmall 
pieces in the fingers. By this means it is an 
eaſy matter to ſeparate this outer cruſt from the 
internal covering, which properly contains the 
embryo of the boghouſe Worm. As theſe 
eggs are moiſt when juſt laid, and are depo- 
ſited by the parent Fly upon the walls of bog- 
houſes, and ſometimes even in the skins ſhed 
by former Nymphs, they ſtick together, when 
the air has dried the intervening humidity ; ſo 
that, on endeavouring afterwards to ſeparate 
them, part of the external ſhell of one egg 
comes off, with the inner ſubſtance ſticking to 
it. By this means the angular form of the 
latter acquires a kind of projecting border. 
This was the caſe with the egg here repre- 
ſented, which I thought proper to exhibit in 
that form, in which alone I could procure it 
ſingle, on account of its firm coheſion with the 
adjacent eggs, | 
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I here repreſent the delicate internal mem- 
brane which covers the egg, as it appears about 
the fore-end of it. This membrane has been 
broken by the boghouſe Worm, when it crept 
out of the egg; ſo that we may ſee in what 
manner the external cruſt or ſhell has been 
cracked upon this occafion, and how it has 
crumbled off from the internal membranes: 
It is very ſurpriſing how theſe eggs are covered 
with fo hard a ſubſtance, reſembling plaiſter 
of Paris; though it ſeems probable that Nature 
ordained it fo, the better to ſhelter the encloſed 
embryo Worm from the putrid and ſharp efflu- 
via ariſing from boghouſes, in which places it 
is often depoſited. This led me to an experi- 
ment, by which I have found, that the ſaline 
acrimony of urine makes no impreſſion upon 
theſe eggs. But it is not in boghouſes alone 
theſe eggs are to be found : we meet with them 
in ſeveral other places, particularly where fruits, 
herbs, and other ſucculent vegetables, lie and 
rot, But they appear no where fo beautifully, 

or 
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or to ſuch advantage, as in the Oviducts of the 
female Fly, opened for this purpoſe; and, no 
doubt, the moſt certain method of inveſti- 
gating the eggs of inſets, fo as to obtain ſome 
certain knowledge concerning them, is that by 
diſſection of the inſets; but then the open- 
ing of theſe ſmall animals at the exact time, 
when their eggs are in the Ovary, and 
ready for laying, depends entirely upon chance. 
A have a ſmall box full of inſect's eggs in 
my collection, ſo very curious, that I ſhould 
not think a particular treatiſe ill beſtowed upon 
them ; for | wok all greatly difter from one an- 
other iti ſhape and colour. Some are oblong, 
others oval; ſome again perfectly round, others 
angular ; ſome pear-ſhaped 
of the carduus benedictus, and others of other 
forms. There is alſo the greateſt variety of 
colours amongſt them ; white, yellow, red, 
ſky-coloured, green; and in ſome is to be ſeen 
a beautiful mixture of ſeveral colours, ſo as to 
make it almoſt impoſſible to give a particular 
account of them. Some alſo are ſoft, others 
hard; ſome are only covered with a flight 
membrane, whilſt others have a ſhell, or firm 
cruſt, like parchment. Again, ſome are ſhel- 
tered by a froth that ſurrounds them, others 
are covered with hair : ſome are found faſtened 
by a viſcous matter to the branches of trees, ſo 
as to form a ring about them; others lie ſingly, 
and at random. Some ſtand cloſe to each other 
upon their ends ; others lie parallel to the ho- 
rizon; and ſome are found buried in animal 
and vegetable ſubſtances, whilſt others are only 
laid in a looſe manner upon the ſurfaces of 
ſuch things. | 

| FIG. III. 

I here lay before the reader a figure of a 
Worm, which changes to the boghouſe Fly, 
as it appears when magnified by the micro- 
ſcope. We may clearly diſcern in it thoſe an- 
nular diviſions, of which ſome conſtitute its 
head, the next to them the thorax, and the 
hindmoſt the creature's abdomen and tail. The 
circumference of every part of the body ap- 
pears adorned with ſeveral, as it were, promi- 
nent feathered bandages. But the inſect loſes 
the advantages of theſe as ornaments, becauſe 
it cannot but foul them, by crawling through 
the offenſive matter upon which it feeds. For 
this reaſon it ought to be well waſhed, in order 
to become fit for a microſcopical obſervation : 
nor need we fear to do it any injury, by treat- 
ing it in this manner; for it has a ſtrong con- 
ſtitution. Beſides, this Worm is one of the 
ſpecies of inſects which have a hard ſkin, the 
better to reſiſt the acrimony of the putreſcent 
juices, amongſt which it lives. This hardneſs 
of the boghouſe Worm's ſkin, is the cauſe of 
its not loſing its external form, when it changes 
to a Nymph. 

Fs. Iv. 

It muſt be here very thoroughly conſidered, 
that theſe Worms, on their aſſuming the ſhape 
of Vermiform-Nymphs, become motionleſs, 
and ſoon after draw up their ſnout within the 
head; by which, and. by a contraction of all 


, ſome like the ſeed 


% 
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the rings of their body towards each other, 
they become ſhorter, in ſo conſiderable a de- 


„as may be ſeen in the fourth figure now 
fore us: which likewiſe ſhews, that there is 


of 


but little difference between the Worm repre. 


ſented in the third figure, and the Vermiform- 


Nymph exhibited in this place. The only dif- 


ference is this, that the Nymph is without any 
motion, whereas the Werm moves itſelf very 
briſkly. The drawing in of the ſnout in the 
Nymph, ſcarce makes any difference; for the 
Worm itſelf is very often obſerved to do the 
ſame thing. But we muſt here take ſpecial 
notice, that all the Worms of this fourth order 
are not all changed to Nymphs, in the ſame 
manner with the ſpecimen of that order; which 
I here explain: neither do all the Nymphs 
equally exhibit the former limbs of their re- 
ſpective Worms; the only reaſon of which 
diverſity I take to be this, that ſome of theſe 
Worms have a more delicate ſkin than others, 
and conſequently it is better adapted to con- 
form itſelf to the ſhape of the latent Nymph, 
when the inſets change into that condition. 
This I ſhall demonſtrate in the ninth and tenth 
figures, by two particular and very evident 
examples, which will ſupply us with a rule to 
judge by, in every caſe of the like nature. 
There is one circumſtance more worth our 
notice in the Nymph, whoſe figure we are now 
conſidering : this is, that I have repreſented its 
fore-parts, about the head, ſomewhat whiter 
and brighter than the reſt of the body; becauſe 
the hidden Nymph, by the inſenſible evapora- 
tion of its moiſture, gradually contracts itſelf 
more in this part than elſewhere, ſo as to leave 
a vacant ſpace, which, by affording a free paſ- 
ſage to the rays of light, thereby, in reality, 
acquires an extraordinary degree of brightneſs. 
This particular I took notice of in a Nymph, 
like this I am now deſcribing, of the Muſca 
Afilus, 'or Gadfly, whoſe hiſtory follows this. 
It is likewiſe plain, that the empty part of the 
{kin, in the foregoing Nymph, may be dexter- 
ouſly cut off with ſciſſors, without wounding 
the encloſed inſect; and, upon doing ſo, we 
may ſee that the Nymph's head lies in the fore- 
region of the Worm's ſkin; and that its eyes, 
which, in the beginning of the change, were 
of a milky white, are at this time turned to a 
purpliſh red. However, this experiment ought 
only to be tried upon Nymphs which are ſeveral 
days old; for we ſhould certainly injure thoſe 
that were younger, in the operation. It hap- 
pens in this Worm, as it does in all others of 
the fourth order, that the thorax conſtantly 
continues the ſame in the Nymph-ſtate, with- 
out any viſible alteration : in the ſame manner, 
as in Worms and Caterpillars of all the other 
orders, the legs, ſpringing from the thorax, 
never change their ſituation. But this laſt cir- 
cumſtance chiefly obtains in the ſecond order, 
of which there are a great number of inſets, 
whoſe thorax, and eſpecially the legs belong- 
ing to this part, do not ſuffer the leaſt altera- 
tion; that is, they neither grow longer or ſhorter 
at the periods of the inſects caſting their ſkins. 


5 FIG. 


_ 
> 4. ta 


n e LY 
There give 4 figure of the encloſed hidden 
Nymph, Li it ſomewhat magnified, 


when cut out of the external skin, or that of 


the former Worm, which before covered it. 


Fi. vi. and vrt. 


© Theſe two figures repreſent the ſame Nymph 
magnified by the microſcope to a proper degree. 
We may ſee in theſe in what manner it is di- 
vided into a head, thorax, and belly, which I 
ſhall more ark explain in the next figure, 
which likewiſe exhibits the ſame Nymph. 

Fig. v11. 24. Are the inſect's eyes ſeated in 
its head, and formed like a net ; between theſe, 
but lower near the thorax, appears its proboſ- 
cis, or trunk, 

3. Are two little horns or antennæ, which 
ariſe from the upper part of the head. 

cc. The folded legs riſing from the thorax, 
three on each fide. | 

dd. The folded wings, between which the 
extremities. of the legs are cloſcly arrayed. 

e. The annular diviſions of the abdomen, and 
certain prominent tubercles upon the edge of 
it, being what remains after the inſect caſts the 
skins of the feathered protuberancies of the 
Worm and Nymph, which I have abovemen- 
tioned. Thee tubercles diſappear when the 
creature aſſumes the form of a Fly. They are 
either entirely deſtroyed by the evaporation of 
the humours, or thrown off by the hairs that 

w in this part. It is a very tedious and dif- 
Fcul task to diſſect the real Nymph of the ten- 
der membranaceous skin, which immediately 
covers it under the outer integument, without 
either hurting or diſplacing its limb. 

FIG. vil. 

This figure exhibits, larger than life, the 
Nymph free from its two coverings, and 
changed to a Fly; but it muſt be obſerved, 
that it does not, on parting with its ſkin, fold 
or curl them up, as Hornets and Bees do; this 
creature only breaks them near the place where 
its head lies, and leaves the caſe unimpaired 
in every other reſpect: ſo that on ſeeing one 
of theſe deſerted coverings, one would be apt, 
at firſt ſight, to take it for an entire Nymph. 
This Fly, which from the form and condition 
of a contemptible and filthy bog-houſe Worm, 
is changed to an inhabitant of the air, thus 
making miſery its way to happineſs, is divided 
in a very diſtin manner into the head, the 
thorax, and the abdomen. Cork debits. 

Fig. vIII. 2 4. In the. head are two eyes 
formed like an clegant piece of net-work, and 
of a purpliſh colour. Theſe eyes are ſeparated 
by two very elegant zones of a ſilvery white- 
neſs, in the part where they come neareſt to 

Between theſe ſilvery zones, on the forepart 
of the head near the eyes, are the inſect's two 
horns, or antenne. CN 39C654. C2320 254. ; 

cc It has likewiſe two membranaceous win 
fixed to the ſhoulder-blades of the thorax. 

dddd Are fix legs covered with Riff hairs ; 
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which it carries on the 
taurus about in a very 
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theſe are articulated with the lower part of the 


thorax, and they conſiſt each of four joints: 


that which forms the foot, properly fo called, 
is again divided into ſeveral leſſer joints. We 
may, beſides, ſee very diſtinctly, that every le 
has diſtinctiy two claws at its extremity, Fo. 
that theſe claws are parted by ſome hairs that 
grow between them. | 

e Here we may ſee the rings and variega- 
tions by which the abdomen is divided. They 
are covered with hair reſembling briſtles. In- 
deed, the whole body is thick ſet with this kind 
of hair, and it is of a blackiſh gray, without 
any other particular ornaments of colour, tho' 
in many other Flies we perceive. a moſt deli- 
cate mixture and combination of colours; ſo 
that the Fly now under conſideration, deſerves 
only to be ranked amongſt the moſt ordinary 


ſort. 
FIG. 1x. 

Finally, to give a perfect idea of this fourth 
order of mutations, I ſhall add a ſuccinct ac- 
count of two particular Nymphs, which be- 
long to it, tho' under the ſecond mode; for 
theſe Nymphs differ greatly from thoſe of the 
ſame order already deſcribed : they are altered 
in a great meaſure from the ſhape they had in 
the Worm ſtate, tho' one of them much more 
than the other ; the reaſon of which variation 
I ſhall likewiſe endeavour to point out. 

Tab. XXXVIII. FIG. 1x. A. 

The Worm here repreſented, is the ſame 
with that of which Goedaert has given us a 
deſcription, and a figure in the firſt part of his 
work, obſervation 11, but without taking any 
notice of its feet or horns, both which he over- 
looked. I cannot fay, that I have myſelf 
counted theſe feet in a living Worm ; but on 
examining a — one, and its Nymph, 
there appear ſeven on each ſide, and thoſe are 
all armed with ſome little claws. Theſe feet 
are very ſhort, and ſcarce viſible, except when 
the inſe& extends and thruſts them out. Goe- 
daert does not deny the exiſtence of theſe feet, 
in his Dutch work, publiſhed under his own 
inſpection, but his Latin tranſlators do it for 
him: from whence it plainly appears, that 
thoſe gentlemen, ' Who have likewiſe added 
their own obſervations to Goedaert's work, 
have diſgraced his performance 'by a great 
many errors and miſtakes. We have reaſon 
alſo to lament, that this induſtrious naturaliſt 
employed others to write, even in Dutch, the 
obſervations which he had made in this pro- 
vince of natural hiſtory. We muſt 3 6s 
find their particular opinions frequently inter- 
mixed with thoſe of the illuſtrious original 
writer. But be that as it will, one thing is 
certain, that the original Dutch is preferable 
in correctneſs, and other reſpects; to the Latin 
tranſlation, _ FT | 
Tbe two antenne, or horns ef this Worm, 
a of its head, and 
its Jong tail, which it ſometimes twiſts and 
ery ſunpriſing manner, con- 
tribute. greatly ta give it 4 ſingular and pretty 
* appear- 


* 
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appearance.“ Its body is divided into ſeveral 
rings, which ſometimes much rounder 
than at others. The colour is of a sky gray, 
approaching a little to brown. It is a miſtake 
to think, this Worm proceeds from putrefac- 
tion, as Goedaert, or rather his commentators 
have advanced. It is produced from an egg 
depoſited in bog-houſes by a Fly like that, to 
which it is itſelf one day to be changed. I 
have ſometimes alſo found theſe Worms crawl- 
ing in vaſt numbers, and in a ſtrange manner 
amongſt one another, in meadows,” in barns, 
and among very moiſt ny Theſe in- 
ſects are of very flow growth; ſo that they do 
not change till the month of Auguſt. I have 
hitherto taken but a very curſory ſurvey of their 
internal parts; their pulmonary veſſels appear- 
ed to me to be thoſe that beſt deſerved further 
obſervation. | 
B. | 

When theſe Worms are about to aſſume 
the appearance of Vermiform Nymphs, as 1s 
repreſented in the ninth figure, under the let- 
ter B, they remove themſelves out of the excre- 
ments wherein they have hitherto lived, to 
ſome dry place, where they draw all their parts 
together, I have even ſometimes ' obſerved 
theſe Worms fixed to the walls of country 
cottages, where they had climbed up to twice 
a man's height, in order quietly to go through 
their mutations. This important buſineſs is 
executed in the following manner. Firſt, the 
Worm's tail is wrinkled up, and contracted by 
drying, and ſometimes it curls itſelf up, ſome- 
times not; ſometimes even it. grows.quite flat 
by drying, as it hardens to a greater or leſs de- 
gree, or as it has taken up more or leſs time in 
hardening ; then the reſt of the body becomes 
wrinkled up, and fo contracted, that its rings 
are in a manner forced together into one. But 
as the skin of this Worm is ſomewhat ſoft, it 
conforms to all the ſhapes that the hidden 
Nymph aſſumes in its progreſs towards the 
Fly-ſtate; and this is the true reaſon why this Ver- 
miform-nymph deviatesa little from the appear- 
ance of the former Worm. I fay a little, be- 
cauſe we may {till perceive in it, the skin of 
the Worm, its tail and legs : but above all, the 
antennæ, or horns differ; which in this Vermi- 
form-nymph project more from the head, than 
they did in the Worm itſelf; beſides this, 
from being ſoft and pliable, they become hard 
and ſtiff at this time. By dexterouſſy opening 
tie external ſkin at this period, we may ob- 
tun the true Nymph it conceals in ſuch great 
forwardneſs towards the Fly-ſtate, that it ex- 
hibits diſtinctly the parts peculiar to that crea- 
ture, the horns or antennæ eſpecially, which 
are diſpoſed, as in a caſe, within thoſe of the 
former Worm. 


* 
When the Nymph we are treating of, has 
thus lain hid for about ſixteen or ſeventeen days 


We have in — — three diſtin ſpecies of theſe Worms; the French alſo have them as common, 
e offspring of three diſtinct ſpecies of Flies, all reſembling Bees, but with only two wings. The ſpecies here 
Fly, which our obſervers of Iuſects call the Drone Fly, fromits great reſemblance 


de Rat. They are 


deſcribed, is the largeſt ; and it changes into a large 


bd 


of the male Bee, Which is alſo called the Drone. 
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in the unaltered ſkin of its Worm; it is ſuffi- 
ciently grown and changed to appear abroad, and 
ſo at once forces its way in the form of a per- 
fect and very handſome Fly thro the ſaid ſkin,- 
and the internal membrane immediately in- 
veſting it; as is common to the inſects of this 
fourth order. This Fly is beautifully divided into 
the head, thorax, and abdomen; it has two 
eyes, two little antennæ or horns, fix legs, a 

air of wings, and its body is covered with 
8 Its back and tail are yellow and red, 
with black ſpots: it is 


delicately interfj 
e ninth figure, under the let- 


repreſented in 
ter C. | : 

Some authors have fancied, that this inſect 
ought to be ranked amongſt Bees, as appears 
in Clutius's treatiſe on Bees, where he cautions' 
the unexperienced againſt, ſo groſs a miſtake. 
However, Dr. J. de Mey, regardleſs of ſuch 
notice, falls into this error in his notes upon 
Goedaert, where he prodigiouſly magnifies the 
hiſtory of this inſect as a real Bee. In this he 
gives evident proof of his little acquaintance 
with either the Bee or the Fly-kind. Thus 
the vain temerity of our corrupt nature makes 
us attempt to paſs our judgment/upon things 
of which we know nothing ; with a view of 
paſſing for perſons of knowledge and wiſdom 
upon others as ignorant. | 

fr FIG. x. 

J here repreſent a Worm, that has pierced 
the ſkin of a Chryſalis, like that exhibited in 
Tab. XXXVII. Nꝰ. V. and has deſerted it af- 
terwards in ſearch of a more proper place in' 
which to perform its changes. 


This Worm is divided by a great many annu- 
lar ſections. Its colour is white; its skin is ſoft 
and tender. It moves itſelf by the annular con- 
traction and extenſion of its rings, and it conti- 
nues this motion in its preſent ſtate, till being 
quite ſpent, it quietly lies down to give way to 
the ſecret operations of nature, in the change of 
its condition, | 9 

E. | 

While this is preparing, we may obſerve, that 
the head and tail of the Worm are drawn up, 
as it were, into its body, though as yet no change 
happens in the old ſkin, except its aſſuming the 
ſhape of an egg, in which, ſoon after, there ap- 
pears a variety of colours; firſt, the body then 
ſhrivelled up grows white, then yellow, next 
red, after this of a purple colour, which then 
acquires a fiery brightneſs, like that, as it were, 
of a ſparkling red, ſhining like amber ; and, 
laſtly, it turns to a deep brown, which it retains 
for ſome days without any further alteration. © - 

On laying open and removing the ſkin of the 
Worm at this period, we find in it a true perfect 
Nymph, which exhibits moſt diſtinctly all the 
limbs of the future Fly: fo that this is a real Ver- 
mi-form Nymph, only that it yet repreſents the 
parts of the former Worm, though in a ſome- 


call them Vers a que 


what 
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hut obſcure and confuſed manner: this is o 
— to the ſoftneſs and delicacy of its 
ſkin, which Ricks cloſe to the ſurface, and ac- 
commodates itſelf to the ſhape and figure of the 
encloſed Nymph. Ne nba 5 
By duly attending to the preceding obſervati- 
ons, we may for the future eaſily underſtand, for 
what reaſon ſome of theſe Nymphs retain the 

re of their former baton ears _— ; 
for, it will plainly appear, is difference ariſes 
ſolely 2 of the former Worms, be- 
ing more or leſs hard or pliable. For thoſe 
Worms, that have a very dry and hard ſkin, as 
the Worms of the common bog-houſe Fly, and 
- the Muſca Afilus, or Gad-fly, cannot but retain 
their former a ; whilſt other Worms of 
a ſoft and delicate skin, cannot but loſe a great 
deal of it; all which is made evident, by a re- 
markable example in the tenth figure, under the 
letter E. | 

Such being the nature of theſe things, we ma 
plainly perceive how much thoſe naturaliſts were 
miſtaken, who called the foregoing condition of 
the limbs, and other parts, a true egg, as may 
be ſeen in Mouffet, and Goedaert, in the com- 
mentators of this laſt, and many other authors. 
But let no one imagine, that I mention this miſ- 
take, in order either to expoſe the writers, who 
have committed it, or to deſerve glory from their 
ignorance : my ſole intention is to publiſh truth, 
and excite thoſe who love it, to ſearch after it in 
the works of nature themſelves; for they are 
capable of teaching us more in a fingle moment, 
than all the written accounts of them could do 
in a thouſand years: but then we ſhould prepare 
ourſelves for fuch an inquiry, particularly by lay- 


Between the 
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ing aſide all manner of prejudice, as it plainly - 
appears, that obſervations attempted upon a 
wrong foundation, have only ſerved to produce 
a great number of pron errors. | 


To conclude, I preſent the reader, under the 
letter F. of the ſame figure x. a repreſentation of 
the Fly produced from the Nymph I have been 
laſt deſcribing. It is like the common Fly, di- 
vided-into the head, the thorax, and the belly. 

yeh which are ſeated in the head, 
and are of a deep purple colour, are two ſilver 
borders or zones ; and between theſe borders are 
placed a pair of antennæ, or horns. From the 
ſhoulder-blades ariſe two grayiſh membranaceous 
wings, and from the fore-part of the thorax, fix 
iry legs. The abdomen is covered with hair, 
like briſtles, and is divided by ſeveral rings, parted 
from each other by black rolls or bandages. This 
Fly, like the preceding, on its quitting the 
Nymph-ſtate, leaves two skins behind it. 

As to the manner in which this ſpecies depoſits 
the eggs within the Carerpillar, repreſented in 
No, III. of the xx x viith Table, and the courſe 
in which the Worms ariſing from thoſe eggs, are 
changed into Chryſallides with the Caterpillar, 
upon which they feed; or, to ſpeak more pro- 

ly the manner in which theſe ſmaller Worms 
come to be encloſed in the Caterpillars Chryſalis, 
and their management in forcing their way thro' 
this Chryſalis, I ſhall give a general account of 
in the progreſs of my ſurvey of this fourth order, 
and hope I may ſome time, or another, have an 
opportunity of handling this ſubject more parti- 
cularly, and ſolving the gordian knot which it 
contains. 


De ſurpriſing hiſtory of the inſect called the Muſca Tabanus, or, more properl 
le ple the Afilus or Gad-fly *. e eg. 


THE INTRODUCTION. 


HE Inſect, whoſe hiſtory I am about to 

give under the name of the Gad-fly, is fo 
wonderful in all its parts, that it may be well 
ranked amongſt the moſt maſterly works of na- 
ture; for, the particulars which induſtrious ob- 
ſervers have diſcovered in it, are moſt fingular, 
and unheard-of in other kinds. The learned 
Mouffet inveighs ſeverely againſt thoſe authors, 
who confound this Fly with the Tabanus or 
Breeze-fly, as he affirms there is an eſſential dif- 
ference between them, which I have myſelf alſo 
found to be very true; for, as the ſaid Mouffet very 
pertinently alledges after Ariſtotle, the Aſilus or 
Gad-fly, proceeds from a certain little, broad and 
water inſect. This author remarks alſo, with 
equal propriety, that the Aſili or Gad-flies are 
much more ſcarce than the Tabani or Breeze- 
flies, and they are not to be found except in the 
neighbourhooud of rivers, and they have a much 
larger proboſcis or trunk than the Tabani or 


Breezes, This being ſettled, the Fly that I am 
here now about to deſcribe, is a true Aſilus or Gad- 
fly, and ought, by no means, to be calleda Taba- 
nus, or Breeze-fly ; for, agreeable to the deſcrip- 
tion given of the Aſilus, or Gad-fly, it proceeds 
from a little flat water Worm; it flies about fields 
near waters; and, in fine, it has a larger trunk than 
the Tabanus or Breeze- fly. Mouffet has given us a 


true figure of the Tabanus or Breeze; and at the 


ſame time, has aſſigned the real difference be- 
tween that and the common Horſe-fly ; for there 
are many ſpecies of Horſe-flies, and the Tabanus 
or Breeze ought to be accounted one of them. 
But Mouffet is greatly miſtaken in giving the 
Afilus a hard ſnout, 'with a ſtrong ſting or acu- 
leus fixed to the fore-part of it, theſe particulars 
being obſervable in the Tabanus' or Breeze-fl 

only. He errs as much in faying, that the Ta- 
banus grows at the end of honey-combs. But 
it was impoſſible, that this author ſhould not 


The common writers have been very confuſed in their:accounts of che two ſpecies of inſets known by the nam | 
fly and the Breeze-fly, and have pom the names at random, to one or the -- The Latin — — of the £4 Þ of 
as 


Tabanus and Afilus, have been 


defined. The creatures are perfectly diſtin, both in the Worm and 


Fly-ſtate, and, "tis to be 


hoped, that, for the future, they will be ſo underſtood and conſidered, this author having perfectly diſtinguiſhed the words, and af- 


certained their meaning by his figures, 
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commit miſtakes; for, as he had no experience 
of his own to go by, he was obliged to take 
things upon traſt from other writers, and conſe - 
quently was liable to adopt their errors. 

I muſt, on this occaſion, defire my readers to 


» 


take notice, that in my general hiſtory of inſects, 


I forgot myſelf fo far as to deſcribe the Afilus, 
under the name of Tabanus; nor can I account 
for this overſight; as I then made uſe of the 
words of Ariſtotle juſt now cited. After this 
2 and remark,” I ſhall briefly deſcribe the 
ittle creature, from which __ _—_ Gad 
roceeds, It is repre in Figure 1. 
a0 Fab. XXXIX. its Nymph in the 11 and 
In Figure of Tab, XLI. and laſtly, the Afilus 
Fly itielf, in the 11 Figure, Tab. XLII. 
There are ſeveral very uncommon particulars 
in theſe ſtates of the ſame inſets in the Worm 


condition; it lives in the water, breathes by its 
5 tail, and carries its legs within a little ſnout near 


its mouth. When it becomes a Nymph, it per- 
forms the change without caſting its ſkin ; and 
when it becomes a Fly, it can no longer live in 
the water; ſo that the element, which hitherto 
ſupplied it with life and motion, would now be 
its immediate deſtruction. | 

Theſe are all no more than the external won- 
ders; and they appear inſignificant, when com- 
pared with the hidden changes and tranſpoſi- 
tions of parts, perfotmed within the skin, ſto- 


dy- 


mach and inteſtines,  batiahave ally inthe foi 


Z 
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the 
lines only of an Apelles; der L Kern 2 f 
ce, but inimitable pictures, and the very han- 
ork of the great Creator, God himſelf, to 
whom we are indebted alſo for all that we have, 
or are, and whom we ought to acknowledge in 
the humbleſt manner, as our Creator, Preſerver, 
and conſtant Benefactor. Hence, judge, O man, 
how incomparable muſt be the elegance of thoſe 
miracles of his, which ſhall never-periſh, when 
ſo much art and contrivance is to be ſeen, even 
in the corrupt nature of creatures, thatare buried, 
as it were, under darkneſs, by his: great ordina- 
tions. Therefore to this all- good, all-wiſe, and 
all-powerful Being, and to him only, be all the 
honour and glory of the preſent diſcovery. 


| en A 
The external figure of the Worm, from which the Muſca Afilus, or Gadfly, is pro- 
duced, repreſented in its natural bigneſs ; and alſo as it appears when magnified 


| by the microſcope; with the manner of its carrying its legs, by a moſt wonderful 
contrivance, in its mouth ; and of its breathing by the tail. 


TAB. XXXIX. F16.1. a. 

HIS Worm, viewed with the naked 
eye, appears to conſiſt of twelve annu- 
lar diviſions, a, by which it is ſeparated into a 
head, thorax, and belly; but as the ſtomach 
and inteſtines lie equally in the two, the thorax 
and belly, their bounds are ſcarce perceivable, 
250 the inſect, ſtill ee the Worm's 

in, approaches the Nymph-ſtate. 
5 1 moſt ond ar notice, that the 
naked eye can diſcern in this Worm, are its 
tall and its ſnout. The tail is furniſhed with 
an elegant crown 6 or circle of hair, diſpoſed 
uite round it in an almoſt annular form; by 
means of which, while the Worm moves itſelf 
in the water, this tail can ſupport itſelf on the 
ſurface, the body all the time hanging down 
towards the bottom; and ſometimes it remains 
thus a long while, without; the leaſt ſenſible 


motion. The ſnout is divided, as it were, into 


the three parts, c, of which that in the middle 
is altogether immoveable; whereas the two 
others, which grow at the fides of the former, 
vibrate in a very ſingular manner, and, in ap- 
pearance, are very like the tongues of Lizards 
and Serpents, The greateſt 8 the 


2 


Worm is likewiſe ſeated in theſe lateral parts 


of its ſnout : it is by means of theſe it crawls, 
when out of the water, ſo that one would 
imagine it walked with its mouth. Parrots, 
whoſe upper and under jaws are both move- 
able, enjoy, in the fame manner, the privilege 
of uſing their beaks with ſuch force, in climb. 
ing, that they have the greateſt advantage from 


it. In the ſame manner this Worm, as often 
as it can lay hold of any thing with thoſe parts 


that I have been ſpeaking of, appears to move, 
as it were, entirely by the help of its ſnout. 
Theſe parts, however, do not conſtitute its 
mouth, as I ſhall preſently ſle p. * 
When the Worm, being thus ſupported on 
the ſurface of the Water by means of its tz 
has a mind to fink to the bottom, it general 
bends the hairs of that part a litfle towards 
each other in the middle, and much more 
forcibly at the extremities, without diſturbing 
them in the leaſt about the roots. By this 
means a hollow is formed; and the air, pent 
up in it, looks like a pearl, Tab. XXXIX. Fig. 


11, 4. It is by the help of tis bubble that 


the inſedt can again gently raiſe itſelf to the 
ſurface of the water, and there remain ſuſ- 
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ded, The fame thing has been obſerved 
in thoſe Worms that produce Gnats. If at any 
time the air ſhould happen to eſcape from be- 
tween the hairs forming this bubble, the inſect 
has the power of immediately replacing it, by 
a new ſupply from its pulmonary tubes ; and 
ſometimes even large quantities of air are ſeen 
to ariſe in bubbles from the tail of this Worm, 
b, to the ſurface of the water, and mix with 
the incumbent atmoſphere. This is owing to 
the water's being ſo much heavier than air ; it 
being natural for things, though heavy in 
themſelves, to aſcend, in order to make way 
for thoſe that are more ſo. | 

This extraordinary operation may be eaſily 
ſeen at any time, by putting the Worm into a 
glaſs full of water, and it affords a very enter- 
taining ſpectacle ; for the air-bubble, encloſed 
in the tail, looks like a little tranſparent ſilver 
bladder. I have four ſpecies of this Worm, 
and of the Fly that is produced from it, all 
differing in ſize and colour; but without any 
other conſiderable diſtinction. 

As all I have as yet ſaid concerning this 
Worm, which produces the Afilus-fly, can 
give but an imperfect idea of it, I ſhall exhibit 
it alſo as it appears through the microſcope ; 
and, at the ſame time, deſcribe its external and 
internal parts. Thus the reader will be enabled 
clearly to comprehend the deſign and uſe of 
thoſe little parts, which are ſituated near the 
tail and the mouth; as alſo, after what manner 
its lungs receive the air, which is both admitted 
and diſcharged by the tail. Finally, I ſhall 
make it evident, that thoſe are really the in- 
ſect's legs which are ſeen moving near its 
mouth, like the tongues of Serpents. 

F1G. III. 

On examining the external figure of this 
Worm with a microſcope, it appears to be a 
little pointed forwards about the head ; and its 
thorax, or that part of it which we may con- 
ſider as ſuch, is ſomewhat broader. The body 
again grows ſmaller, and converges at the ab- 
domen ; till at laſt it ends in a ſharp tail, ele- 
gantly ſurrotinded with hairs, in the form of 
the rays of a ſtar. 

This Worm, the head and tail included, has 
twelve annular diviſions, 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 11, 12. Its ſkin reſembles the cover- 
ing of thoſe animals which Nature has pro- 
vided with a cruſtaceous habit, much more 
than it does that of Worms, or of the naked 
Caterpillars. It is moderately hard, and, like 
that rough ſkin called chagreen, it is thick ſet 
with an infinite number of ſmall grains, pretty 
evenly diſtributed. Theſe grains lie fo clcſe 
together, that there is not to be found the leaſt 
vacant ſpace between them; and they are 
ſmaller in thoſe parts, where the rings of the 
abdomen are pointed to each other, than upon 
the middle of the rings. This diſpoſition ren- 
ders the ſkin more flexible, and conſequently 
facilitates the turnings, and other motions, of 
the Worm's body. The true conſtruction of 
theſe grains is ſeen, on viewing them with the 
greateſt magnifier, Fig. Iv. and I give a ſepa- 


rate drawing of them upon a ſmall portion of 
the ſkin. This figure alſo ſhews us how the 
{kin, a, looks in the interſtices of thoſe grains. 
Thoſe grains are very thick, ahd convex in the 
middle, 5: near their edges they appear as 
conſiſting of many rings, c, which join each 
other ; and form a great many irregular points, 
d, ſo as to add 2 ſtrength and firmneſs to 
the grains themſelves. The ſubſtance of thoſe 
ains is a very firm horny bone; and I make 
no doubt but the ſkin of this Worm might be 
made uſe of, in turning, to poliſh the harder 
woods, as ebony and box, in the ſame manner 
that the ſkin called chagreen, juſt now taken 
notice of, is ſucceſsfully applied to the ſame 
purpoſe. | | | 
There are alſo nine puncta reſpiratoria, 
breathing-holes, or points of reſpiration, on 
each ſide of this Worm's body ; but I here re- 
preſent only twelve of them, nine at one ſide, 
and three at the other. There are no ſuch 
holes viſible on the outſide of the tail, Fig. 111. 
a; nor in the third ring, counting from the 
head: for the tail has, at its extremity, open- 
ings for the admiſſion and expulſion of air, as 
already taken notice; and in the third ring the 
breathing-holes only appear under the ſkin, 
and are very ſmall, as it is hereabouts the em- 
bryo wings of the future Fly lie concealed. It 
is very remarkable, that this Worm ſhould have 
but one ring without thoſe breathing-holes ; 
whereas Caterpillars always have two without 


them. The reaſon of this difference ſeems to 


be, that moſt Caterpillars change to Flies with 
two pairs of wings; whereas the Worm, un- 
der our conſideration, changes to a Fly that 
has but a ſingle pair. 


Above theſe pulmonary openings, there be- 


ſides appear a great many black ſpots; but 


they are much ſmaller than thoſe formed by the 
breathing-holes. Theſe leſſer ſpots ſeem in- 
tended merely for ornament. They ſhed a 
ſkin, fo that they are ſtill ſeen in the inſect, 
when arrived at the Nymph-ſtate. 

The ſkin has only three colours: it is 
adorned with oblong black furrows, ſpots of a 
little lighter colour, and orbicular rings; from 
the middle of which there generally ſprings a 


hair. In the figure before us, only the hairs ' 


that grow on the inſect's ſides are repreſented, 
Tab. XXXIX. Fig. 111. 6b; for to exhibit 
them all, would require too large a drawing. 
Beſides the hairs already mentioned, there are 
here and there ſome other larger hairs, c c. 
All the variety of colours perceivable in this 
inſect, proceeds from this; that the colour of 
the grains is ſomewhat deeper or paler in ſome 
places than in others; for there is no material 
difference between them, in point of ſize, 


According, therefore, as the number of grains 


is greater or leſs, or the colour of them is 
darker or lighter, the furrows and rings are of 
a deeper or paler colour. 

The head of this Worm, d, is, as it were, 
divided into three parts, and covered with a 
ſkin, the grains on which are hardly diſ- 
cernible. The eyes, ee, lie forwards near the 
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ſnout, and are ſomewhat protuberant. It has 
lkewiſe two little horns, 11, on the fore-part 
of its head. The ſnout itſelf Is ſomewhat 
crooked, and ends in a very ſharp point, /; but 
what is altogether ſingular and ſurpriſing, and 
no doubt, if I may ſay fo, is moſt wiſely con- 
trived by the Great and Almighty Architect, is, 
that this inſect's legs are placed near the ſnout, 
between the ſinuſes in which the eyes gg are 
fixed: ſo that, at firſt ſight, I imagined this 
Worm made uſe of its ſnout, as Parrots do of 
of their bill, to faſten upon whatever it pleaſed, 
and move itſelf from one place to another ; 
but I have fince learned by experience, that 
thoſe parts are real legs, which is altogether as 
ſurpriſing as if a ſmall pair of hands, one on 
each fide, ſhould be ſeen growing in a man 
from the inſide of his jaw-bones *. 

Each of thoſe legs conſiſts of three joints ; 
the outermoſt of which is covered with hard 
and ſtiff hairs, like briſtles. From the next 
joint there ſprings a little horny bone, 5 b, 
which ſerves the inſect for a kind of thumb: 
the joint itſelf is likewiſe of a black ſubſtance, 
between bone and horn in hardneſs; and fo is 
the third joint. But theſe particulars cannot 
be ſo well diſtinguiſhed on the outſide ; for 
which reaſon the parts that form the upper 
ſides of the mouth, and the eyes, muſt firſt be 
diſplaced with a very fine ſmall knife. This 
done, we may plainly perceive, by the help of 
a microſcope, that the leg is articulated by 
means of ſome ſingular ligaments, with that 
portion of the inſect's mouth, which anſwers 
to the lower jaw in the human ſtructure. We 
may alſo, by this method, diſcover the muſcles 
which ſerve to move the legs, and draw them 
quite up into the cavity that lies between the 
ſnout and thoſe parts of the mouth, near which 
the horns, 77, are ſituated. 

I have taken the pains to draw five of thoſe 
muſcles adminiſtering to the inſect's leg, which 
are very diſtinct. Three of them, Fig. v. a, 
are continued by their tendons, in form of a 
black ſubſtance between bone and horn; and 
after this, growing ſofter, are inſerted 4 into the 
inſide of the greateſt joint of the leg, which 1s 
of the ſame kind of ſubſtance with the tendon. 
The other two muſcles, c, had their inſertions 
on the oppoſite ſide of the ſame joint. The 
muſcles which move the other joint, d, are in- 
ſerted into that large horny joint already men- 
tioned; and in this joint alſo are to be ſeen the 
latent muſcles, which move the extreme joint 
of the leg, e, with its briſtles, and its thumb, 
which I here likewiſe repreſent, . This figure 
ſhews, at the ſame time, in what manner the 
foot is ſurrounded with hair. This inſect not 
only walks with the legs I have been deſcribing, 
at the bottom of the water, but even moves 
itſelf on land by means of them. It likewiſe 
makes uſe of them to ſwim with, while it 
keeps its tail on the ſurface contiguous to the 


NATURE; or, 


air, and h 
body in the water. In this ſituation, no mo- 
tion can be perceived in it, but what ariſes 
from its legs. At this time alſo it plies them 
ſo elegantly, that, to the naked eye, they ap- 
pour ike the vibrating tongues of Serpents, 

ence we may conclude, that the greateſt 
ſtrength of this Worm lies in theſe parts; and 
we may be likewiſe convinced, that it exhibits 
in a ſingular manner, and more fully. than 


many other animals, the wonderful contrivance 


* execution of the Divine Power and Wiſ⸗ 
om. 

The ſnout itſelf, Tab. XXXIX. Fig. vi. 4, 
is very black, and of a ſubſtance between bone 
and horn. This may beſt be ſeen by turning 
the inſe& on its back: in this fituation alſo we 
can diſcover the crooked point of the ſnout, 6, 
near which the jaws open themſelves, c, and 
offer to our ſight the gullet or throat, and all 
the other parts of the mouth. Here likewiſe 
we may obſerve three membranaceous divi- 
ſions in the ſnout, two of them running tranſ- 
verſely, one at each fide, 4d; and the third 
ſtretched lengthwiſe between both : by means 
of theſe diviſions, affiſted by the muſcles con- 
tained in the ſnout, the Worm can at pleaſure 
expand or contract that part. But the back- 
part of the ſnout, e, is quite ſolid, and made 
up of a black ſubſtance between bone and 
horn, and of a rounded and ſomewhat globular 
form ; whereas the ſharp part that lies forward, 
which I have before repreſented on the fore- 
part of the head, Fig. 11. /, is hollow. 

The tail is moſt artfully imagined and con- 
ſtructed. Its extreme verge, or border, is ſur- 
rounded by thirty hairs, and the fides of them 
are adorned with others that are ſmaller. Here 
and there alſo, ſome of the bigger hairs branch 


out into others, each of which I reckon as a 


ſingle hair. Theſe hairs are all rooted in the 
extreme ſkin of the tail, which, in this place, 
is alſo covered with rough grains; as may be 
ſeen by cutting it off, and holding it up, when 
dry, againſt the light, upon a thin plate of 
glaſs. It appears likewiſe, by the ſame means, 
that the hairs of this part have, at their very 
extremities, grains alſo, like thoſe upon the 
ſkin; though I could never yet get a diſtin 
ſight of them through the beſt microſcopes. 
In the middle of the tail is a little opening, 
within which there are two ſmall holes; by 
which the inſect takes in and lets out the air it 
breathes. It ſeldom happens, that the hairs 
of the tail are ſo regularly diſpoſed on the ſur- 
face of the water, as ] have here repreſented 
them, unleſs when the Worm but juſt floats 
with, its body in the water, and the tail with 
the hairs belonging to it are a little lower than 
the ſurface ; for then theſe hairs diſplay their 
extremities, in the diſtint manner that I have 
here repreſented them : and the leaft motion 
downwards of the tail, at this time, occaſions 


* Theſe fingular and amazing Worms are very common with us in ſhallow ſtanding waters. I found millions of them this year in 


a pond, in a field acrols the ro 


water, and ſhew all their amazing qualities; confirming, in every inſtance, the acc 
croſcope ſhews very beautifully the motion of their inteſtines ; and few inſects afford a more beautiful object. 
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on the right hand of Liſſon-Green, near Paddington. They will live many weeks in a glaſs of 


and truth of this author's accounts. A mi- 
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confiderable pit or hollow in the water; 
22 tail way: aſſumes the figure of a 

laſs, wide at top, and ending at the bottom 
A a point. Hence it is manifeſt, that this tail 
ſerves the Worm for both the purpoſes of 
ſwimming and breathing. Thus then, O won- 
der of wonders ! this creature receives by its 
tail the univerſal principle of life and motion 
in animals. And the better to anſwer ſuch an 
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important uſe, thoſe hairs are ſo myſteriouſly 
conſtructed, that, let them he under water 
ever ſo long, they never contract any moiſture, 
the water running off of them the very mo- 
ment they reach the ſurface. Another advan- 
tage the Worm has in theſe hairs, is, that, 
when ſwimming, it can by means of them 
immediately ſtop itſelf, and ſo remain 4 
ſuſpended in the water as long as it pleaſes. 


II. 


Of the actions or motions of this Worm; the places where it is found, its food, 
and the manner of killing it for diſſe&ion. 


HE motions. which this Worm makes 

in ſwimming are extremely beautiful, 
eſpecially when it advances with its whole 
body floating on the ſurface of the water, after 
filling itſelf with air by the tail. To ſet out 
in this poſture, it firſt bends its body to the 
right or left ; then contracts it in form of the 
letter (S); and laſtly, or lying flat upon its 
belly, it ſtretches out the body again to a 
ſtraight line. By theſe alternate bendings, con- 
trations, and extenſions, it moves along upon 
the ſurface of the water ; and as its motions 
are very flow, it will hold out for a long time 
in this manner. 

Theſe Worms are no way diſturbed on 
being handled in the water ; though they can- 
not ſuffer the touch of other Worms, even 
thoſe of their own ſpecies, without agitation, 
when ſwimming amongſt each other. From 
this circumſtance we may conjecture, that they 
are provided with a ready inſtinct to diſcover 
whether what comes in their way is likely to 
do them any harm. Be that as it will, I drew 
great advantages from this quiet diſpoſition of 
the inſect, as it afforded me the better oppor- 
tunities of examining it by the microſcope, and 
making a ſatisfactory figure of it. 

At the time when theſe Worms float on the 
ſurface of the water, it is impoſſible to drive 
them under it, ſo as to make them continue 
there, on account of the great quantity of air 
with which they are then ſwelled. But on ex- 
pelling this air by the tail, they of themſelves 
immediately fink to the bottom ; nor can they 
again make themſelves float on the ſurface of 
the water, till, having riſen to it, they expand 
the hairs of their tail, and take in another 
draught of air. 

On taking theſe Worms out of the water, 
all their motion ſeems confined to the head, 
becauſe it is only by the help of their legs, 
which are ſituated there, that they can ſtir in 
this ſituation. But as it is neceſſary, for that 
purpoſe, that the head ſhould bend at the ſame 
time, one would, at firſt, imagine they make 
uſe of their mouth to walk with ; whereas, in 
reality, their progreſs is entirely effected by the 
teet only. 1 

Theſe Worms are to be found about the 
beginning of June, ſooner or later, according 


as the ſummer is more or leſs warm, both in 
ſalt and freſh waters. Sometimes great num- 


bers of them offer themſelves, as it were, of 


their own accord to our inquiry; whilſt in 
other years, it is no eaſy matter to meet with 
them. They are common enough in the 
ditches of grazing grounds, eſpecially in ſuch 
parts of thoſe ditches as here and there con- 
tain little patches, or iſlands, covered with 
graſs and other plants, through which, and 
upon it, theſe Worms love to. crawl. They 
are often too, to be ſeen in the cracks of our 
ditch-banks, where they float upon the ſurface 
of the water, by means of their tail, with 
head and thorax hanging down : and in this 
ſituation they will turn over the clay and dirt 
with their feet and their ſnouts, as thoſe parts 
are ſo near each other, in ſearch of food. 

It is thus theſe Worms look out for their 
nouriſhment, which is principally a kind of 
viſcous matter, to be met with in little pools, 
and about the ſides of ditches; for theſe in- 
ſets are never ſeen in large and deep waters, 
ſo that, whenever it happens that the ditches 
are quite full, the Worms, to come at their 
food, either betake themſelves to the bottom, 
or venture on ſhore, in queſt of ſomething to 
live upon. It is very remarkable in theſe in- 
ſects, that, when they lie under water, they 
very often drive air into the cavity formed by 
the hairs of their tail; which cavity, on being 
thus blown up, looks like a tranſparent pearl 
moving in the waters; at the ſame time that, 
by becoming the lighteſt part of the inſect, it 
keeps uppermoſt, and thereby affords the feet 
and the ſnout a better opportunity of providing 
for the inſeQ's ſupport. 

This little inſect is exceeding harmleſs ; it 
neither bites or wounds, or otherwiſe does any 
miſchief ; contrary to the opinion, one might at 
firſt light be apt to form of it, on account of the 
ſurpriſing vibrations of the legs, placed in its 
head, which ſo much reſemble the brandiſhings 
of an envenomed tongue or ſting : but ſuch no- 
tions appear altogether wrong on Farther examina- 
tion; for the opening of the inſect's mouth, at 
which it ſucks in its food, is ſeated within the 
bending of its ſharp pointed and crooked ſnout. 

I find that clay and ſoft earth are the food of 
this inſet; though I have likewiſe ſometimes 
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out of it. Some of them endured this trial © 
two days and a night, and ſome a longer u 


found in it, on diſſection, little red ſtones, and 


ſmall grains of ſand intermixed: I am not able 
to explain, on account of the narrowneſs of this 


inſect's mouth, how it could poſſibly take in ſuch 
large and hard ſubſtances. This induces me to 
think, that it only ſucks in the ſubtile viſcous par- 
ticles of earth, mud, and clay, which afterwards 
undergo various mutations in the ſtomach, as I 


ſhall hereafter endeavour to ſhew, in the anato- 


my of this Worm, and the Nymph produced 
by it, where I ſhall alſo relate the manner how 
the very inteſtines of this inſect caſt their ſkins, 
I have tried many methods of killing theſe 
Worms, in order to examine them- anatomically. 
Spirit. of wine does not ſo well anſwer this pur- 
pole; for they live in it a day and night, or per- 
naps longer; but I cannot affirm any thing poſi- 
tively on this head, as I grew tired of waſting 
my time, that I could otherwiſe ſo well employ, 
in watching them. Some of them that I threw 
into rain water, after taking them out of the ſpi- 
rit of wine, together with others, continued alive 
ſeveral days, till I had opened them all, while 
living, in order to. view their parts, and found 
myſelf under a neceſſity of looking out for a freſh 
tupply. In vinegar alſo theſe inſects held out a 
Jong time, and they moved more briſkly in it, 
than in water; they would ſometimes alſo crawl 


CHA 


The anatomy of this Worm, giving an account of its teeth, flomach, inteſtines, ſa- 


* * 
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whilſt others expired ſooner. But hardy as 


conſtitution may be, they die in ſpirit of ture 
pentine in leſs than a quarter of an hour. It 


is very curious to obſerve, at this time, how the 
air contained in them remains, in appearance; 
fixed between their hairs, and the diviſions of their 
body, ſo as perfectly to imitate the appearance, 


as it were, of tranſparent ſilver. 


The induſtrious Goedaert, as far as I can gueſs 


by his drawings, give us one of this Worm ; ag 
alſo a deſcription of it in the firſt part, and fe. 
ventieth experiment of his natural metamorpho- 
ſis; but he forgets to tell us whether it belongs 
to land or water: nor is there among all his ob- 
ſervations concerning it, any thing remarkable, 
except its being able to live for nine months with- 
out food. On this account he calls it the Chame- 
leon, impoſed upon by the vulgar opinions of 
the land-animal of that name, living entirely 
upon air. | 

We have likewiſe, in the learned Aldrovan. 
dus, a figure and a deſcription 'of this Worm, 
under the name of the Water Inteſtine. But 
this author knew nothing of its changing to a 
Fly, or of the other ſurprifing particularities, 
which I have obſerved in it. | 


p. III. 


lival veſſels, pulmonary tubes, fat, heart, brain and muſcles. 


HE internal parts of the Worm, which pro- 

duces the Aſilus or Gad-fly, are the teeth, 

gullet, ſtomach, thick and ſlender inteſtines, ſa- 
lival veſſels, pulmonary tubes, fat, heart, brain, 
ſpinal marrow, nerves and muſcles; each of which 
I ſhall now ſeparately deſcribe. The teeth are 
ſcated in the back part of the mouth, as in many 
fiſhes, ſo as to enable the inſet, after it has 
taken in any food, to grind it properly before it gets 
down into the ſtomach. I have by me ſpeci- 
mens of Hermit-fiſh, and large Crabs, which 
have teeth in the very cavity of the ſtomach, 
Ihe teeth of the inſet now under conſidera- 
tion, are of a ſubſtance between bone and horn, 
and their ſurface is in many places rough and 
unequal ; but theſe aſperites are not conſiderable 
enough to be taken notice of in the figure. The 
gullet is a very flender channel, running from 
the jaws and mouth to the ſtomach, through 
a fiſſure or opening in the ſpinal marrow, con- 
trived on purpoſe to give it free paſſage : this 


is likewiſe the caſe in many other inſects. For 


this reaſon, the brain of this Worm lies, as it 
were, upon the fore- region of the ſtomach. The 
ſtomach itſelf appears as a ſmall membranaceous 
particle, and is found full of the half-digeſted 
food, on killing the Worm, in ſpirit of turpen- 
tine, as ſoon as it is caught, and then diſſecting 
it. The ſlender inteſtines alſo appear, on this oc- 


caſion, filled with the ſame ſubſtance. In this 


ſpecies of Worms, the ſtomach and ſlender in- 


teſtines are about five Dutch inches in length; or 
to uſe Mr. Thevenot's method, they are equal 
to five rows of regular cells of Bees, built one 
againſt another, five in a row. Mr. Thevenot 
imagined, that by means of ſuch cells, an uni- 
verſal meaſure for all nations might be diſcovered, 
ſuppoſing ſuch cells were every where equally 
regular, and of an equal bigneſs. I muſt here 
obſerve, that there is very little difference 
between the ſtomach and inteitines of this in- 
ſect. | 

Towards the extremity of the ſlender inteſ- 
tines are four vaſcula varicoſa, or cæca, or little 
guts or appendages cloſed at the end: theſe are 
ſituated equally in the abdomen and thorax, 
which ſometimes contain an aqueous fluid, and 
ſometimes a bright white ſubſtance, like coagu- 
lated milk or new cheeſe, when beginning to 
crumble to peices. Thele four little inteſtines 
are full twice as long as the real guts of the crea- 
ture, and they form a great many uncommon 
turnings and windings in the thorax and abdo- 
men, ſo that it requires no ſmall pains and at- 
tention to diſcover and ſeparate them. In the 
next place are the large inteſtines, which here 
and there ſwell out into nodules, as it were, and 
are filled with clay, red particles of ſtone, grains 
of ſand of different ſizes, and other ſimilar ſub- 
ſtances, All theſe particulars will appear to 
greater advantage in the figure which I propoſe 
to give of the Nymph's inteſtines, e, 

wit 


WS 


* 


e 


The HISTORY 


* 4 deſeription of the nature of the ſand or 
| > which are found in thoſe parts. | 
* The falival veſſels, Tab. XXXIX. Fig. vir. 4. 
are two channels, cloſed: at their ends. They 
are of a membranaceous tranſparent ſubſtance, 
and are ſeated in the thorax, where they make 
a.gteat many windings and turnings. In colour 
they reſemble freſh curds, on account of their 
contents which appear through them; and ac- 
cordingly, on their being cut, nothing freely 
flows from them, the matter they contain being 
quite coagulated. The falival veſſels unite at 
laſt, ſo as to form only one, &, which terminates 
at the mouth, to which it is inſerted upon in the 
back part of it. Near this inſertion appear two 
ſmall particles, cc, which very much reſemble 
litle muſcles. As I never met with any fluid 
matter in the veſſels I have been laſt deſcribing, 
I cannot take upon me to ſay ary thing poſi- 
tively, concerning the uſe which the Worm may 
make of them, though I called them ſalival veſ- 
ſelves, becauſe ſuch channels are very remarkable 
in other Worms, and alſo in ſnails. They ap- 
pear even in the Nymph of the Worm now be- 
fore us, and afterwards in the Fly, in which 
they are ſtretched out to their full length, and 
after pervading the thorax, they terminate in the 
abdomen, being remarkably broad at their ex- 
tremities, if compared with their condition, as 
they were in the original Worms ; this makes 
me believe, that theſe veſſels do really, at laſt, 
perform in the Fly, the office of ſalival ducts, 
The mouth, Fig. v11. d, at the bottom of which 
thoſe ſalival ducts terminate, is here repreſented 
without the eyes, becauſe, in diſſecting this 
Worm, both the eyes, and thoſe parts which 
conſtitute the ſides of the head, very eaſily ſe- 
parate from the mouth. 

There is no part of this Worm without its 
pulmonary tubes. They conſiſt of two very 
_ conſpicuous and conſiderable tubes, Tab. XL. 
Fig. 1. a a, which are compoſed, as it were, of flat- 
tiſh rings, and are much wider in the middle 
than at the back or fore extremity, which runs 
towards the tail. Theſe tubes are ſeated on the 
ſides of the inſect's body, where they unite with 
the puncta reſpiratoria, or breathing holes. It is 
probable, however, that the inſet does not make 
uſe of them for breathing, till it is arrived at the 
Fly-ſtate, when it lives in the air; ſo that theſe 
channels remain cloſed, till the inſe& comes to 
live in another manner, uſt as the aſpera arteria 
of a fœtus continues cloſed, as long as it lies in 
the amnion, and ſurrounding waters. The pul- 
monary tubes are diſtributed all over the body ; 
they even penetrate the bowels, brains and nerves, 
in order to ſupply every part with this vivifying 
fluid. Great multitudes of them are to be ſeen 
in the ſame place with the optic nerves, and the 
increaſing membranes of the eyes, &, and they 
gradually enlarge, in order to contribute to the 
formation of eyes in the Nymph, and afterwards 
anſwer all the purpoſes of ſuch parts in the Fly. 


pear confpicuous in all parts of them, but the greater part 
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Here and there theſe tubes meet, and unite toge- 
ther from the parts, c c, eſpecially about the ſides 
of the body, 4d ddd d, where one may per- 
ceive a general anaſtomoſis of them one with 
another, by means of their common intermedi- 
ate branches, ſtretching from one breathing hole 
to another; from hence ſpring an infinite num- 
ber of ramifications, adminiſtering to the mem- 
branes and muſcles of the ſkin, which I here 
mark with points, ee ee; and likewiſe to the in- 
ternal parts. At laſt, the principal channels end 
at the feet, f, by two diſtinct tubes opening into 
one paſſage, where they ſerve to take in air for 
the creature's uſe, and alternately expel it, as has 
been already ſhewn in the external ſurvey of that 
part, as the ſaid tubes appear very plainly through 
the tranſparent ſkin of the inſect. | 
The largeſt of theſe pulmonary tubes are ſuf- 
ficiently conſpicuous ; and they are compoſed of 
crooked rings, and are alſo ſomewhat flat, as I 
already mentioned, Tab. XL. Fig. 11. 42 4. On 
ſtretching a piece of theſe tubes, thoſe rings 
which compoſe them, ſeparate very readily, fo 
as to roll out to the length of two or three ſpans, 
and then they look very pretty, being like an ex- 
tended (crew, or an untwiſted ſpiral, or a ſilver 


wire that had been wound up upon a needle, 5. 


This filver-like thread, of which the rings are 
formed, is almoſt as ſtrong as the thread ſpun by 
the Silkworm, on breaking, it ſnaps with a 
crack that is very perceptible. 

The fat, Fig. 111. a, is diſtributed all over the 
Worm's body, ſo as to be met with in the head, 
as well as in the abdomen and thorax. It is as 
white as the pureſt ſnow, except at the tail, 
where it generally inclines to be a little green. As 
to its textute, I don't well know how to deſcribe 
it, on account of the ſtrange variety, in point of 
configuration of the particles that compoſe it; 
for they are round, 6, oblong, c, broad, d, angu- 
lar, e, pyriform, or in the ſhape of a pear, 7, 
and of almoſt every other imaginable ſhape. This 
fat is moſt firmly united with the pulmonary 
tubes that run through it, g; ſo that I believe it 
ſet ves, in the ſame manner with the Omentum 
or Cawl in man, to bind together the blood-veſ- 
ſels, and convey them in ſafety to their ſeveral 
deſtinations. This fat, if laid on a piece of glaſs, 


and held to a candle, melts like oil, and imme- 


diately flames ; this proves, that it is really what 
I have called it. Theſe particles, in regard to 
the veſſels contained in them, might be called 
vaſa adipoſa, or fat veſſels; but ſuch a name 
would be improper for them. This fat in the 
Nymph and Fly, retains nothing of its original 


form, as may be ſeen by examining it in the 


Worm where it exhibits ſoentertaining a ſight, that 
it is impoſſible for words to give a juſt idea of it. 
Not only the form of the heart, Fig. Iv. d. 
in this Worm, but its pulſations alſo may be 
ſeen 0 the ſkin, under the third ring, 
counting from the head; but this is a great 
deal more perceptible in the Nymph, when 


The number of theſe pulmonary veſſels in che gall of inſects is aſtoniſhing, and it is ſo alſo in plants. They not only ap- 
the ſtalk in May is compoſed of them; this is particularly obſervable in 


the ſtalks of bulbous plants: and in the ſame manner we fee it in the inſe&-tribe moſt Plain, and the tubes moſt numerous, and di- 
vided in the ſofteſt ſpecies, , ö : n c n ̃ : 
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ſtripped of its outer ooveting; for at that time 


the motion of the heart appeared to me ſo plain, 
and was withal fo confiderable, that I ſaw it diſ- 
place a particle of fat in one of its vibrations. 
The end of this 1 organ, when it is 
faſtened to the tail, is a little ſharp and nar- 
row, but here and there it dilates itſelf, Tab. 
XL. Fig. 1v. 24. Towards the head it gra- 
dually widens 66, and then cloſes again into 
a narrow channel c, in which form, after paſ- 
fing through the abdomen and thorax, it pur- 
ſues its courſe towards the head, where it is 
intimately united with the membranes of the 
brain. Thus, in regard of figure, the heart of 
this Worm nearly repreſents the Worm itſelf, 
except the part next the head, being a great 
deal narrower, and that next the tail, dilati 
itſelf here and there, as in Silkworms. 

On opening either the Worm or Nymph, the 
motion of the heart preſently ceaſes; and if 
it did not, the particles of fat with which it is 
ſurrounded, would hinder us from ſeeing it. 
For this reaſon, the beſt time for examining the 
heart of this inſect, is when it has attained the 
Fly-ſtate : or if we chooſe to do it in the Worm, 
we ought firſt to leave it for ſome time in ſpi- 
rit of wine, that the fat may gradually diſſolve 
and waſte away ; but at this time, the heart is 
ſo delicate as not to ſuffer any air to get into it. 
In the beginning, I really thought I ſhould ne- 
ver be able to diſcover or diſcloſe this part; and 
I muſt own, that human ignorance and weak- 
neſs never appeared ſo evident to me, as during 
my ſurvey of this little inſect; for with all my 
attention and diligence, I found it impoſſible 
to examine it as minutely as I propoſed, tho' 
I ſpared no time to get the better of all the dif- 
ficulties that oppoſed my inquiry ; the won- 
ders I diſcovered in it, being but a ſmall part 
of thoſe accumulated miracles I have here re- 
lated. This my inſufficiency has made me 
very often, in the courſe of my inquiries, break 
out within myſelf into the following words :--- 
O God, thy works infinitely ſurpaſs the reach 
of our feeble underſtandings ; all that we ac- 
tually know of them, or ever can know, is 
but a faint and lifeleſs ſhadow of thy adorable 
perfections. The brighteſt underſtandings fail 
in the contemplation of them, and are obliged 
to confeſs, that all this boaſted penetration is 
but ſhort-ſightedneſs, when employed in fa- 
thoming the depths of that power, goodneſs, 
and wiſdom it has pleaſed thee to exert in the 
loweſt parts of thy creation ! 

The truth of theſe words evidently appears 
by the conſtruction of the brain, ſpinal mar- 
row, and nerves of the Worm here under con- 
ſideration, which I am now going to deſcribe ; 
for this conſtruction is ſo wonderful, that I 
doubt very much, whether any thing equal to 
it was ever before obſerved in any animal, 
The brain conſiſts of two globular lobes, Tab. 
XL. Fig. v. aa. Theſe lie upon the gullet ; 


and for this purpoſe nature has contrived a flit 
b.in the ſpinal marrow for the gullet to paſs 
through: - On the forepart of the head appear 
the membranaceous parts of the eyes cc, which 
gradually expand themſelves along with the 
optic nerves that are to ſerve the ſucceeding 
Fly, and grow till they are arrived at their of 
period of increaſe. ' In the mean time, theſe 
membranaceous rudiments of the Fly's « 
are curled and folded up, and cannot be { 
but very imperfectly, becauſe the inſect has not 
as yet attained its Nymph- ſtate, in which at 
laſt all theſe parts unfold themſelves, and be- 
come very diſcernibee. 
The ſpinal marrow confiſts of eleven no- 
dules d d, which form the moſt elegant ſpecta- 
cle that nature ever exhibited ; for it is bent 6 
as to reſemble a ſwine's tail, and runs as it were 
in curls from one end to another. This curl 
ing may be ſtill conſiderably increaſed by cutting 
the nerves. The figure I give of this part does 


not expreſs all the windings of the origi- 


nal, the better to exhibit the. eleven nodules, 
from whence. all the other nerves take their 
riſe; for all the nerves of the inſe& ariſe from 
the brain, the ſpinal marrow, and theſe no- 
dules. In the firſt place we are to name thoſe 
nerves which tend to the forepart of the head, 
and running under the membranaceous rudi- 
ments of the future eyes ee, are diſtributed to 
the gullet, the jaws, the mouth, and palate, 
to the Worm's eyes, the muſcles of the legs, 
and parts thereabouts. Next are the nerves F 
which extend to the ſides of the inſect's body. 
Laſtly, there appears a conſiderable number of 
them gg, that ſpring on each fide from the 
eleven nodules of the ſpinal marrow. To avoid 
confuſion, I have omitted ſome of them in the 
figure ; the laſt mentioned ramificatiens go to 
the ſtomach, inteſtines, muſcles of the ſkin, 
and all the other internal parts, which they 
ſupply with motion, ſenſe, and life. But how 
is it pofſible to deſcribe the ſpirits contained in 
thoſe nerves, and the manner in which the ſe- 
cretion of ſuch ſpirits is performed ? For my 
part, I freely acknowledge, that as yet I have 
not been able to diſcover for what purpoſe the 
medulla ſpinalis is curled up in this inſect, 
while a Worm, in ſo ftrange, but elegant a 
manner ;* whereas in the Nymph, and after- 
wards in the Fly, though neither of them are 
ſo long as the original Worm, it appears ſtretch- 

ed out to its full length. It is in the eleven no- 

dules that the alteration is moſt conſiderable, 

for theſe in the Nymph and Fly (O incompre- 

henſible wonder!) are found at a greater diſ- 

tance from each other, than they were in the 

Worm. The nerves, on the contrary, from ly- 

ing at full length in the Worm, are curled up 

and folded in the Nymph and Fly, and are 

otherwiſe altered in a moſt ſurprifing manner, 

as I ſhall hereafter explain by a figure of the 


Fly's ſpinal marrow. The tranſmutation, there- 


As important as the ſpinal marrow is to the animal cxconomy, we find that it does not obſerve the ſame courſe in all creatures. 
In the generality of animals it runs through the middle of the back-bone ; but in fiſhes in general, it is carried h certain pecu- 
liar apophyſes ſituated on the _ part of the vertebræ: we ſee in how ſtrange a manner it is diſpoſed in inſets. There cannot be 

C 


a better ſubje& of inquiry for 


iſts, than into the reaſons of this various cauſe, and the purpoſes it anſwers. 


fore, 


The HISTORY H INSECTS. 51 


fore, from a Worm to a Fly, obſervable in this 
inſect, preſents us with a real mirac ie, and may 


juſtly be conſidered as a laying .lown of old 


worn-out parts, and an acquiſition of new per- 
ſect ones inſtead of them: in fine, as a total 


change of an old to a new, and of an imper- 


fect to a perfect body, infinitely ſurpaſſing the 
utmoſt ſtretch of human underſtanding, as on 
reading and attentively conſidering the hiſtory 
now before us plainly appears. As for my 
„I dare boldly affirm, that the incompre- 
enſible greatneſs of the Deity manifeſts itſelf 
In theſe myſterious operations in a particular 
manner, and affords us an opportunity of ex- 
amining, as it were, with our ſenſes, the Divine 
nature. 

If thoſe authors, who invented a metamor- 

s, in order to ſolve the difficulties that 
occur in the hiſtory of inſets, had ſeen the 
wonders I have been juſt relating, it is proba- 
ble, that they would have made arguments of 
them to ſupport their erroneous opinions; tho 
the inſect itſelf, notwithſtanding all its _—_ 
conſtantly continues one and the ſame, and li 
a chicken, attains to a greater perfection, by a 
mere gradual increaſe of its parts, and no other- 
wiſe ; for even the parts themſelves always re- 
main the ſame, whatever alterations we may 
+ obſerve in their figure. What I here affirm of 
the parts, holds true even at the time when 
they fall off or diſappear, in order to make 
room for others which ſprout out to ſupply 
their places. 

Job, in like manner, ſpeaking of the reſur- 
rection of his body, ſays, © with theſe eyes I 
&« ſhall ſee God.” 

Nevertheleſs, I ſhould be ſorry, that any one 
were weak enough to imagine, that theſe our 
mortal eyes, which are but duſt and aſhes, and 
as ſuch are condemned to putrefaction and de- 
cay, are ever to appear in the ſight of God. 
By no means; the body we now carry, is but 
the ſeed or egg, as it were, in which another 


more noble body lies concealed z and of this 


myſtery the Worm we are treating of affords 
a moſt ſatisfatory example; as it might very 
juſtly ſpeak of its eyes, as it were, in the follow- 
ing manner: With theſe, my eyes, I ſhall raiſe 
myſelf on high, ſoar up to the ſkies, look down 
upon the fields, and dart with rapidity through 
the air, in praiſe of my maker. Thus, I ſay, 
this Worm might boaſt of its eyes in words, 
which. however are far from being true, except 
in reſpect of that perfection which the eyes 
are afterwards to attain, on the inſe&'s chang- 
ing to a Fly ; for then they are to be increaſed 
in number, otherwiſe ennobled, and ſhall en- 
joy a ſight more perfect than the former, as I 
have already ſufficiently demonſtrated in the 
eyes of bees. 

The moſt conſiderable muſcles of the Worm 
here treated of, are in general placed in the 


head: of them I have deſcribed and delineated 


only thoſe which ſerve to move the feet. More- 
over, in the thorax alſo, the belly and tail, are 
ſeen a great number of muſcles, which being 
extended from one of the annular inciſions to 
another, move the body various ways, by means 
of fibres formed and diſpoſed in a variety of 
manners. But as theſe muſcles do not re- 
markably differ from thoſe which I have deſcrib- 
ed in other inſects, and which have been repre- 
ſented in the preceding figures, I need ſay no- 
thing of thera farther, until I come to the Fly 
itſelt. I ſhall therefore cloſe here the preſent 
chapter; adding only, that the limbs are ſome- 
times diſtorted in this Worm; ſo that its body 
is found really crooked and bent: and hence 
we are taught, that theſe inſects are liable to 
the ſame calamities that other animals are ſub- 
ject to by the law of nature. It is, however, 
worthy of notice, that when 1 viewed a diſ- 
torted or deformed Worm, of this ſpecies, 
when changed into a Fly, it was no way de- 
formed; its body being then perfect after its 
change, or rather its reſurrection. 
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The wonderful manner wherein this Worm paſſes Ep Mmpb; and of the parts 
that are ſeen in the Worm, when it is ftript of its ſkin; and the ſame parts 
afterwards clearly ſhewn in the Nymph. | 


HE Worms here deſcribed, are at 
length changed into Nymphs of the 

fourth order, when their limbs and other parts 
are ſufficiently grown under theſkin. Whenthey 
are about to change, they betake themſelves to 
the herbs that float on the ſurface of the water, 
and creep gently thereon ;; until at length they 
lic at reſt, partly on the dry ſurface, and part- 
ly on the water: if they are about that time 
driven off into the water by force of the wind, 
or if On be N a little veſſel filled with 
water only, yet their change is not on that ac- 
count impeded. But when they afterwards, 
under the form of a Fly, iſſue out of the habit 


of a Nymph, then indeed they are very eaſily 
ſuffocated in the water; as long as theſe little 
inſects are Worms, they can conveniently live 
in water, but by no means when they are 
changed into Flies. Indeed, man alſo, whil 
in the uterus, lives in the water of the am- 
nion ; but he can by no means do this after- 
wards, when, by. breaking open the mem- 
branes, he is brought into * world. There- 
fore theſe Worms, lying in their natural ſitua- 
tion, always ſeek after the floating herbs, where- 


in at length they lie at reſt; and then they, by 


degrees, contract themſelves, and in a manner 


ſcarce perceivable, loſe all power of moving, 


Then 
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52 The BOOK of NATURE; or,'' 
"Then the inward. parts of the Worms tail in- 


ſenſibly ſeparate from the outmoſt ſkin, and be- 
come greatly contracted: and this perhaps does 
not happen without pain to the creature : for this 
external ſkin is then commonly gathered into 
three, and ſometimes into four windings, Tab. 
XLI. Fig. 1. a4, and its extremity is left like 
an empty ſpace, into which the air penetrates, 
and ſoon fills the place which the body had be- 
fore occupied, but has now left vacant by con- 
tracting itſelf, If this void ' ſpace be not filled 
up by the ſucceeding air, the ſkin of the tail be- 
comes curled into it{clf : but this I obſerved only 

Thus this inſect is by degrees changed within 
its-own ſkin, nor does it before this time caſt it, 
or is it outwardly altered into a conſpicuous 
Nvmph; ſo that this order of tranſmutations is 
entirely different from that obſerved in filk 
Worms, and other innumerable ſpecies of in- 
ſects. 

I have often ſeen this Worm, in the ſpace of 
twelve hours, that is from fix 1n the evening to 
ſeven in the morning changed, into a Nymph, 
And all theſe things are-perſormed in a hidden, 
obſcure, and unknown manner, inwardly within 
the ſkin, which lock them up, as it were, from 
our view. For this reaſon, this ſpecies of me- 
tamorphoſis has been tortured, as a thing ſo mon- 
ſtrous and incomprehenſible by thoſe, who, like 
the dog in Egypt, look only in a flight aud cur- 
ſory manner into nature . 

When the Worm, which is thus to be changed, 
has a ſoft ſkin; that ſkin neceſſarily accommo- 
dates itſelf to the changes and contractions of the 
internal and inviſible body of the Nymph. And 
hence it happened, that even the moſt learned, 
who have wrote on this ſubject, have not ſcrupled 
to give theſe inſets the name of eggs: in which 
indeed they have committed a very great error, 
and corrupted the natural miracles and truths of 
God. Thus they think and inſert; that one in- 
ſect is changed in this inſtance into another; nay, 
that it again becomes an egg ; and that the eggis 
afterwards changed into aFly, by a raſhly imagin- 


ed abſolute metamorphoſis : others add, that all 


theſe things are produced by chance, and from 

utre faction: and this indeed is the ſhort path to 
atheiſm. For, if the generations of things be ſo 
ſubject to chance, what prevents man from be- 
ing thus as eaſily produced in the ſame manner? 
This alſo ſome have not ſcrupled to declare in 
their writings. God is certainly as admirable in 
the ſtructure of inſects, as in that of man. The 
body of a beaſt deſerves as great admiration as 
the human body, if we conſider both in their 
kind and nature. Both far ſutpaſs the ſphere of 
our inquiry: both are incomprehenſible and im- 


penettable; fince innumerable divine miracles 


are contained therein. | 
* Whilſt this Worm therefore is changing with- 
in its ſkin, the body, head and tail inſenſibly ſe- 


parate from the outmoſt inveſting ſkin. The 
legs alſo about that time, and their cartilaginous 
bones, are, by reaſon of the joints, drawn back 
from them, left intirely empty within; and 
hence they are drawn backward or inward to the 
orifice of the mouth, and there they lie unmov. 
ed. The Worm at that time alfo loſes all its 
ſkull; and the beak, together with the horny 
bones belonging thereto; for all theſe 'remain 
fixed in the ſkin of the head. From thence it 


afterwards draws its horns, its trunk, and other 


parts, which are there inwardly increaſed, and are 
afterwards to be ſeen in the Nymph. | 

A matter worthy of great notice here, is this: 
the optic nerves ſeparate alſo from the eyes, and 
no more perform their former office. The 
muſcles of the rings alſo in like manner, and a 
great part of the pulmonary points of reſpiration 
are ſeparated from the external skin. Thus the 
whole body contracts itſelf by degrees, into a 
ſmall compact maſs, | 

But the greateſt change is obſerved in the hin- 
der part about the tail: for there the body, hav- 
ing quitted, Tab, XLI. Fig. &, c, d, its three ex- 
treme rings together, riſes up into the fourth, e, 
and ſometimes even to the fifth ring. There- 
fore, if you view, in the light, the Worm, which 
hath been for ſome time changed; you will 
diſtinctly, and without the aid of diſſection per- 
ceive, that its hindmoſt rings are empty, or are 
only filled with air: this is likewiſe, though 
more obſcurely, obſerved between the head, and 
the ſecond ring 7. But the place which the 
Nymph, encloſed within poſſeſſes, then appears 
black, g; becauſe it does not tranſmit a ſuffici- 
ent quantity of the rays of light. 5 

At this time the gullet too, the inteſtines, and 
the pulmonary tubes in a manner caſt a coat 
within the ſkin: this indeed is alſo very ſingular, 
and amazingly ſhews the miracles of God; teach- 
ing at the ſame time, how the former body is 
entirely caſt off and renewed. In order to make 
this evident, it is neceſſary to open the ſkin of 
the abdomen : after this the Nymph, Fig. 11. 4, 
and its up together with the caſt, pulmonary 
pipes, 45, will manifeſtly preſent themſelves to 
view: nay, it will likewiſe be ſeen, how the 
Worm hath caſt off, c, all the parts of its head 
and beak, and is became entirely immoveable, 
except in the tail; by means of which it ſtrongly 
moves, agitates, and draws itſelf back even to 
the fifth ring of the body. 

The whole Aſpera arteria about that time caſts 
its ſkin on each ſide. For, as this conſiſts of two 
remarkable tubes; therefore they are firſt turned 
out of the body, whilſt the Worm is contracting 
its tail, and are left ſticking in the empty ſkin, as 
I ſhall more clearly deſcribe, when I come to ex- 
plain the method whereby the Worm, when 
changed into a Fly, breaks forth out of its ſkin; 
for it then draws the exuviæ from the other pul- 


monary pipes. 


The hardneſs of the exterior ſkin, in this and many of the other Worms which change into Nymphs, under a covering of their 


own outer ſkin, which forms a kind of ſhell, makes it appear ſtr 
nature has provided for this. There is always a weak part of this 


ge, that ſo feeble a creature as the young 


Fly can get out. But 
» Where the head of the Fly lies: there are certain 


at which it may eaſily be burſt open: and the means ordained for theſe, are the ſwelling and ſubſiding of the creature's head. Thus 


inflated like a blown bladder, and then ſhrinks down again at repeated intervals; and theſe motions burſt the ſhell. 


In 
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I order to place theſe truths the more evi- 
dently before our eyes, we muſt very cautiouſſy 
drave the Worm out of its ſkin, at the time when 
it begins to harden or grow ſtiff; for, ſince this 
Worm is not yet in reality become a Nymph, 
but has all its parts diſpoſed in a different man- 
ner than in the Nymph ; we may ſee each of 
them in its place, and where they are reſpeCtively 
fituated in this ſtate in the head and tail. Thus 
J exhibit, Tab. XLI. Fig. 11. 4 4, the antennæ 
or horns, the head, 6, which I have delineated 
ſomewhat too large; under the latter is ſeen the 
ſcis or trunk, and = _ 
ir of legs, cc; beneath theſe a wings, 
74% N the ſecond, e e, and third pair ff of 
legs. Then follows the abdomen, g, with its 
rings, and then the tail, 6. In the abdomen are 
very diſtinctly ſeen tranſparent particles of fat; 
and in the tail, the pulmonary tubes come in 
view, diſplaying, or rolling out themſelves, i i. 
It further appears how even the inteſtines, &, caſt 
a ſkin ; for they remain fixed to the orifice of 
the fundament, which opens in the utmoſt part, 
and is here cut off from the ſeparated ſkin, /; 
for the Worm does not diſcharge its excrements 
through the extremity of the tail, but ſomewhat 
higher, where we may likewiſe ſee the funda- 
ment, | 
What I have hitherto advanced, may be ſeen 
more evidently in the Nymph; in which theſe 
parts are diſpoſed in their natural order, and ranged 
{exmifully and artificially among themſelves. 
Here then occur the antennæ, Fig. Iv. 4 4, with 
their joints: the eyes, 55, which are now ar- 
rived at their full ſize: the proboſcis, c, and 
its appendages, ſituated under the eyes on the 
breaſt : the firſt pair of legs beautifully folded, 
dd ; behind theſe are likewiſe ſeen another pair, 
ee: under the latter, again appear the wings, 
and their artificial convolutions and beautiful 
foldings, ff. The body likewiſe exhibits its an- 
nular diviſions to view, g. Under the ſecond 
air of legs, the third pair likewiſe exhibits 
Lf þ, Thoſe black ſpots alſo that are ſeen on 
the body, and which we ſhew to be ſituated in 


CH A 


the Worm, above or over the points; the pul- 
- monary pipes, are here likewiſe very diſtinct i i. 
But near them are alſo preſented to our view four 
: apertures of the pulmonary tubes, E 4&4, and 
alſo the annular inflexions of the body, with 
ſome ſmall prominences, there ſtanding above 
the ſurface of the body, which have alſo caſt 
their ſkin. The claws are tranſparent in the 
extremities of the feet; and make a beautiful 


figure, when the Nymph, being ſome days old, 


has loſt the greateſt part of the ſuperfluous hu- 
mours by evaporation, and in the integuments or 


covers of the membrane, wherein it is inveſted, 


and in its outmoſt ſkin in which it is involved, 
like a tender birth newly brought to light, be- 
comes by degrees ſtronger and more firm; fo 
that at length it is able to creep abroad, and 
break open and caſt off both its coats at the ſame 
time: that is, this Nymph is covered with two 
integuments; whereof the interior is a thin mem- 
brane, which very cloſely inveſts the Nymph: 
the other, or exterior, is conſtituted by the out- 
moſt hard ſkin, within which the little inſect 
has per formed its change in an inviſible manner. 
This is the ſkin which makes this inſect look like 
a Worm at this time; and it is this ſame ſkin 
which made me give this order of changes, the 
name of a Vermiform-Nymph, R 

| Whoever therefore deſires to have a thorough 
knowledge of theſe creatures, muſt treat them in 
all theſe ways. I have obſerved, that in thoſe 
Worms, which I had newly drawn out of the 
ſkin, one might diſtinguiſh plainly the mouth 
and the points of reſpiration ; even more clearly 
than in the Worm that is ſtill, creeping, ſwim- 
ming, and is no way changed. Indeed, had I 
not reſolved to be ſuccinct in this place, I ſhould 
deſcribe what has been hitherto ſaid much more 
at large, and ſhould have delineated all the parts, 
and at the ſame ſhewn their ſituation in the 
Worm; as alſo what pellucid little parts are ob- 
ſervable therein, what their ſtructure is, their 
motion, how the pulmonary tubes are inſerted, 
and much more; but I am obliged to be ſpar- 
ing of my leiſure hours, 


Po V. 


The anatomy of the Mympb, the fat, the pulmonary tubes, the Romach and in- 
teſtines : the wonder ful changes obſervable in the ovary, muſcles, ſpinal marrow, 
and other internal parts which inſenfibly come in fight, 


of its integuments, was of a bright green 

our, with white tranſparent, and ſome greeniſh 
particles of fat: and indeed it made a beautiful 
appearance; eſpecially as the pulmonary tubes 
were at the ſame time obſerved to plitter like 
pearls. The head, the legs and wings were ſoft 
and fluid like water, and when but very lightly 
touched, they immediately diſcharged an aqueous 
humour. The pulmonary tubes had become 
conſiderably ſmaller, narrower and more con- 
tracted, From the tail unto the place, next be- 
low the wings, I counted ſeven apertures of the 


** HE Nymph I examined being freſh ſtript 
co 


- 


5 


lungs; all which, as well as the rings of the 
body being cloſely gathered up above each other; 
differed very much from the points of reſpira- 
tion in the Worm; ſo that therefore the Nymph 
was now only one thitd as big as the Worm had 
appeared to be before. 

If this Nymph be laid on its belly, the heart 
is immediately ſeen beating in its back, without 
any previous diſſection: this indeed appears very 
rarely fo after the inciſion of the skin; becauſe 
the heart then, by reaſon of the guſhing out of 
the blood, which is aqueous, and like an 
ichor, preſently ceaſes its palpitation. Immedi- 
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5 | 
ately under the ſkin are ſeen alſo the muſcles 
appointed for moving the rings of the abdo- 
men. The next thing that comes in ſight is 
the fat: this was not much 1 re; 
but, upon viewing it in a more adult Nymph, 
I found it ſo wonderfully altered, diminiſhed, 
and extenuated, that I thought I ſaw not fat, 


but a parcel of eggs: that is, its former ob- a 
colour, and appears very plainly through the 


larger intsſtine; becauſe the fluid, which is 
in that part of this inteſtine that comprehends 
it, is limpid and perſpicuous. If that ſmall 


long, angulated, broad particles, were now 
become almoſt round and globular, Tab. XLI. 
Fig. v. a. Beſides, alſo, it loſt ſo much hy the 
evaporation, and contracted itſelf in ſuch a 
manner, that its diminution indeed was very 
conſiderable. Hence it mait neceſſarily follow, 
that the body, on account of the great plenty 
of the waſted fat, muſt become more con- 
tracted, and poſſeſs a ſmaller ſpace than before. 
The colour of this fat inclined to purple; but 
in the hinder part of the belly it was entire] 
green. Thoſe particles of fat adhered to eac 
other, and alſo to the | du pipes, 66; 
ſo that, when I touched them with a fine ſharp- 
pointed knife, made like a lancet, they parted 
from each other with the leaſt motion. In the 
Nymph that was very newly changed, the fat 
became more green. | 

In the ſtomach and inteſtines alſo is ob- 
ſerved a very great and wonderful change. 
This, however, is more or leſs obſervable, in 
proportion to the quantity of the Nymph's 
ſuperfluous fluids which have exhaled, and as 
the internal humours have been more or leſs 
diſſipated. Hence it cannot, indeed, be de- 
ſcribed how much the inteſtines are, by reaſon 
of their habit and figure, altered, dilated, or 
contracted ; that is, according as the ſuper- 
fluous moiſture is more or leſs expelled by per- 
ſpiration. Among all the remarkable changes 
which I have obſerved in theſe parts, I ſhall 
exhibit that which, in my opinion, is the-moſt 
beautiful, and ſhall begin a deſcription of it 
from the gullet, Tab. XLI. Fig. vi. a. The 
gullet is here obſerved to be placed out of the 
horny parts of the head, 6, back, and con- 
tracted legs. It appears alſo how this gullet 
paſſes c through the aperture of the ſpinal 
marrow, under the brain, and extends itſelf 4 
unto the ſtomach. The ſuperior or upper part 
of the ſtomach is alſo found to be contracted, 
as it were, into five annular ſmall rugæ, or 
folds, through which the pulmonary tubes run 
very beautifully: and hence, on account of 
that contraction, it cannot be there ſeen how 
the ſtomach is circumſtanced on the inſide. A 
little lower, it exhibits quite another face ; for 
it is divided by oblong grooves or furrows, 
which, in the figure, I have marked e with 
points. But as the ſtomach is there likewiſe 
inflated, and filled with a limpid humour, it is 
therefore obſerved F to be like an open tranſ- 
parent tube in this part; and it is the more 
conſpicuous, as it is in colour ſomewhat red; 
But it is neceſſary to obſerve, that the part of 
the ſtomach, juſt now deſcribed, eaſily ſeparates 
from the next inteſtine. The beginning of 
this ſmall inteſtine is very beautifully ſinuated, 


or bent, in like manner as the ſuperior or upper 


oP 


- terminates underneath, in an open 
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part of the. ſtomach, with ſix foldings, or, as it 


were, corrugated convolutions, &. Afterwards, 


within this inteſtine, is diſcovered angther 


ſmaller inteſtine, h, which, being contained in 


its cavity, and curled with many windings, 


ully twiſted, deſcends;. ii, and again 
Extremity.. . 
This little inteſtine is of a bright yellow 


inteſtine be wounded, the little inteſtine, con- 
tained in it, may be drawn out almoſt twice as 


large as it appeared in the cavity of the larger. 


Then it is manifeſt, that the yellow colour, 
where with its ſurface is diſtinguiſhed, proceeds 
from the yellow fluid contained in it. What 
the uſe of this little inteſtine is, is impoſſible 
for me to explain: in this reſpect, the works 
of God are impenetrable. Nor ſhall I, indeed, 
ſcruple to aſſert here, that not even one truth, 
in reſpect to the actions of the parts of animals, 
or even of the human body, is hitherto fully 
and clearly known to us. Indeed, thoſe who 
think the cantrary, acquieſce in imaginations, 
taking them for facts. From my own obſerva- 
tions I ſhall here add one thing, that is, that I 
_ found this little inteſtine in the gut of the 

orm now preparing to undergo a change : 
and this is the . 5 e e me — 
tempt delineating the head of the Worm to the 
gullet, though I. there repreſent the parts of 
the Nymph. I once found that in ward little 
inteſtine in an old Nymph : it was there very 
brittle, and at the ſame time ſomewhat more 
red, and in a condition as if it began to waſte 
away. And hence it likewiſe ſeems evident, 
why I have not afterwards found it in the Fly. 
Indeed, in thoſe Flies, which are very juſt ex- 
cluded, I have ſeen that this little inteſtine has 
been abſolutely conſumed. Wherefore one 
may probably conceive, that this little inteſtine 
is the inward coat of the ſmall inteſtine in the 
Worm; and that this coat, not being caſt out 
whole and entire, is by degrees conſumed in 
the body. But theſe are only my own conjec- 
tures. I remember I have ſeen ſuch little parts 
in Spiders too, I likewiſe find, that Thomas 


Willis, that celebrated member of the Britiſh 


Society, obſerved one inteſtine in another- in 
the Earth-Worms. And ſince J here treat of 
the inteſtines, I cannot help taking this oppor- 
tunity of complaining of the ingratitude of 
Caſparus Bartholinus, junior, towards me: for 
he, though I had, out of good-nature, ſhewn 
him all the more uncommon preparations and 
ſpecimens, .which I had procured by the help 
of different anatomical contrivances; yet, in 
revenge that he did not ſo far . as to 
make me communicate the ſeveral methods to 
him, and being full of indignation, he has not 
ſcrupled to object to my propoſition, whereby 
I affirmed that I would ſometime reſtore the 
certainty of the office of ſanguification to the 
liver. With what eyes has this lyncæan author, 
who, in the front of his book, aſſumes the 

4 bombaſt 
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bombaſt title, Ar Caſer; aur nibil, i. e. a man, 
or a mouſe, diſcovered my thoughts ſo far as 
to know, that I had only one 3 for 
this ſe? Indeed, my anatomi 
. e eee 


ought ſufficiently to have taught him, that I 
have not advanced that theſis raſhly, or with- 
out im t experiments. I would therefore 

adviſe him to contain himſelf 
his gall with water, until I have leiſure, and a 
more convenient opportunity, to treat this ſub- 
je, and ſolve the ſeveral doubts which I have 
ſaid hitherto occurred to me. I ſhall then 
ſhew the experiments, and aſſign the reaſons, 
which confirm me in this opinion. And thee 

are the very words, wherein I propoſed to the 
public the ſaid theſis, in my notes on the Pro- 
dromus of the famous Hornius. But he that 
is bent on revenge, has in view only the mon- 
ſtrous images of his own thoughts. In the 
mean time, however, as I have there mentioned 
experiments and reaſons, this raſh young man 
might have concluded from thence, that I was 
provided with more experiments, to demon- 
— this theſis, than that trifling one, * 

I really do not acknowl to be mine, in the 
place above cited. Nay, I join with this good- 
natured Bartholinus, who, like a Butterfly, has 
yet ſcarce crept out of his Chryſalis, that the 
experiment, - conſidered by itſelf, contributes 
nothing to ſtrengthen my theſis : fo that it 
therefore appears, that he would refute what 
he himſelf does not underſtand, and perhaps 
is not capable of underſtanding. But I return 
to my hiſtory, which I hope will be more uſe- 
ful than a controverſy of this nature. In treat- 
ing this ſubject hereafter, I ſhall only explain 
what is pertinent to the matter itſelf, leaving 
altercations to thoſe who love them. | 

Below the place where the little inteſtine, 
before deſcribed, is ſeen within the inteſtine of 
the Worm, the ſmall gut is again diſtended, 
equal, ſmooth, and moderately large; but then 
a kind of ſmall tube, Tab. XLI. Fig. vi. K, 
is inſerted therein, which is divided into yeſ- 
ſels, either vaſa varicoſa, or rather the cæca, 
or cloſed guts. Theſe veſſels, like ſo many 
ſmall inteſtines, diſcharge themſelves into the 
beginning of the great guts, where the latter 
are united with this dilatation of the ſmall. 
Theſe blind or cloſed guts are of a wonderfully 
elegant conſtruction, and two of them are 
found commonly filled with a whitiſh humour; 
which in the more adult Nymph, I obſerve, is 
by degrees ſent alſo to the great guts. 

This ſubſtance is ſometimes beautifully di- 
vided, as it were, into knots; and is likewiſe 
inwardly ſeparated, mm, by a more limpid ſub- 
ſtance, which ſeems mixed among it, like 
whey ; that nothing can ſcarce be exhibited 
to the eye more artificially and beautifully diſ- 

ſed, or more conſpicuous, The figure, I 
— given, exhibits only a ſmall part of this 


elegance, and that is but rudely drawn or deli- 
neated; becauſe, to expreſs it accurately, there 
would be need of a much larger figure. Theſe 
very great diffi- 


cloſed veſſels cannot, but w 


yet, and temper - 


54 
culty, be ſeparated from the fat that is annexed 
to them; and this difficulty is the greater, be- 
cauſe that white ſubſtance is not found in every 


part of them. Hence it is, that they are very 
eaſily broken. But this happens ſtill eaſier in 


the Worm, becauſe the blind veſſels are more 
ſtrongly connected in it; fo that it requires 
more labour to diſcover them there. They 
diſperſe themſelves, un, with various and won- 
derful windings and Convolutions, through the 
whole belly; for they are ſeen no more in the 
thorax of the Nymph, which is all filled up 
there with the muſcles of the legs; and other 
parts. We at length obſerve, that the two 
ſuperior or uppermoſt of theſe inteſtines unite, 
0; and one of them is likewiſe divided twice 
on the infide, and twiſted into admirable wind- 
ings, pp: this goes towards the great gut, into 
which it diſcharges its contents. The other 
lower pair, wherein the above mentioned divi- 
ſion of the white ſubſtance is expreſſed, m, 
are likewiſe twiſted into various windings, 9 9; 
and at length terminate 7 in the cloſed tube. 
The fourth of theſe inteſtines is circumſtanced 
in the ſame manner, ss; for after various con- 
volutions, it terminates at laſt alſo in the blind 
annular duct, 7. 

The colon is alſo every where uneven, with 
many knotty dilatations, 2. Theſe are produced 
by the white ſubſtance found in its cavity, 
whilſt the little inteſtine hath been contracting 
itſelf in thoſe parts, where it contains a leſs 

uantity of that ſubſtance, A little lower is 
den a larger knot x in this inteſtine, filled with 
a black ſubſtance. And at length two more 


dilatations occur yy in it, which poſſeſs thoſe 


places of the inteſtine, which, by the help of 
the humours that flow into them, ſwell into 
very large bags. But as the little inſect, af- 
ter putting on the form of a Fly, ſecretes and 
diſcharges that colluvies of humours ; hence 
theſe windings may be properly called the 
cloaca, or ſewer. _ Laſtly, one may ſee the 
rectum, or ſtraight gut; and underneath, in 
the tail, the podex, or orifice through which 
the inteſtines diſcharge themſelves, , in the 
laſt ring of the abdomen. I have alſo judged 
it proper to delineate this ring, as it coheres 
with the anus, in order to repreſent more clear- 
ly all the things which I have mentioned. 

When the Nymph is older, I have ſome- 
times found its ſtomach filled with a green 
fluid : but when it approaches to the change 
of its ſkin, in order to acquire in a ſhort time 
the form of a Fly, its ſtomach and inteſtines 
are found ſo conſiderably contracted, and by 
degrees become ſo much ſhorter, that one 
would affirm one had diſſected another animal, 
unleſs one had obſerved all theſe changes, ac- 
cording as they gently ſucceed each other from 
the beginning. 

In the lower region of the belly the cecum 
and rectum, or blind and ſtraight guts, are ex- 
panded at that time very wide ; and are found 
to be ſwollen, glittering, and ſmooth, on ac- 
count of the white 0 A. or humours which 
are mixed with a chalky matter. Theſe hu- 
| | mours, 
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mours, flowing out of the wounded cloaca, or 
liver, render every thing muddy; and, when 
thrown into the water, they likewiſe foul and 
deftroy its clearneſs. F 
The double ovary *, which appears of a 
whitiſh aqueous colour in the young Nymph, 
is, in the more advanced ſtate, of a pale yellow 
colour. But if the Nymph is to change its 
ſkin immediately, it appears to be a beautiful 
green. In the region of the abdomen, where 
the ovary extends itſelf to the thorax, are ſeen 
two empty curled bags. They are the two 
pneumatic. veſicles, as I ſhall ſhew more at 


large in the hiſtory of the parts of the perfect 
: - ch mode of the third order, and at 


Fly. In the extremity of the body, between 
the laſt rings, appear three very beautiful 
tranſparent knots; each of which, being ſup- 
ported by its own footſtalk, caſts a ſkin, and 
diſcloſes itſelf, when wounded. What theſe 
little parts are, I cannot determine: 1 have diſ- 
covered only, that they belong to the genital 
organs of the female; for I never ſaw them in 
the males, and therefore I ſhall delineate them 
in the figure of the latter. 

The male part, at the ſame period of ma- 
turity, became by degrees conſpicuous ; and, 
from a thin aqueous humour, having acquired 
ſufficient firmneſs, they had obtained a limpid 
and pellucid whiteneſs. The muſcles in the 
breaſt are at this time much more compact, 
and, from a pale white, become of a purpliſh 
colour. In the young Nymph they were ſoft, 
mucous, and like veal-jelly, and had no firm- 
neſs. 

But much more remarkable than theſe are 
thoſe changes, which, by a flow accretion of 
parts, are ſeen in the head, eyes, pulmonary 
tubes, and fat, which may be ſeen there in a 
very abundant quantity ; and alſo in the horny 
little bones, which firſt conſiſted only of hu- 
mours, as it were, and membranes. But I 
now pals theſe things by, without further no- 
tice, becauſe I ſhall hereafter make mention of 
ſome of them in the Fly itſelf. Above the 
brain are ſituated two white, ſoft, little parts, 
ſomewhat like knots, which riſe like two horns: 
they are annexed to the ſides of the thorax, 
and reſt on the ſtomach, as on a baſis or foun- 
dation. But what theſe little parts are, as alſo 
their uſe, I am likewiſe hitherto ignorant. 

I afterwards likewiſe obſerved in a Nymph, 
which I found dead in its ſkin, that the purple 
fat was there variegated with white ſpots. . The 
little inteſtine, which I before deſcribed to be 
contained within one of the inteſtines, lay looſe 
therein, without adhering any where, and was 
curled ; but that part of the inteſtine, which 
encloſed it, ſeemed to be very conſiderably di- 
lated. The uvea of the eyes was of a very 
beautiful bright purple. Here and there, in 
the abdomen, were ſeveral ſmall Worms; 
ſome of which were already changed into 
Nymphs, and appeared to me as if they were to 


This double conſtruction of the ovary is almoſt univerſal in 


and the vaſt number of eggs bears likewiſe an analogy. In many 
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be transformed into Flies very ſoon. It would 
require a large treatiſe to deſcribe how ſuch 
things are produced in the bodies of other in- 
ſects, and what ſtrange and unheard- of things 
may be here further obſerved. So admirably 
does God ſhew himſelf before our eyes! and 
probably the relation would not be believed, if 
: deſeribed and delineated that a Ny 
out of one ſpecies of Caterpillars, which be- 
longs {ow 
and that out of this Nymph 
afterwards produced; and that ont of the ſame 


iſſues 


nd mode of the third order; 
the Butterfly is 


to the 


_=m_ comes a Worm alſo, which is again 
anged into a Nymph, according to the firſt 

Taft aſſumes 
the form of a Fly. And further, that out of 


-the- ſame ſpecies of Caterpillars, ariſe two or 
three Worms, which are again changed into 
Nymphs of the fourth order, and theſe after- 


wards into ſo many Flies. Laſtly, that thirty, 
eighty, nay one hundred Worms have iſſued 
thereout, which have been likewiſe firſt changed 
into Nymphs, and afterwards into Flies, I 
have ſeen theſe twelve changes, which are very 
worthy of notice, diſtinctly in only one ſpecies 
of Caterpillars. And now, at length, I have 
learned that all theſe wonderful effects of Na- 
ture obtain likewiſe in water- inſects; but this 
I have not yet ſufficiently traced, - | 

Though the changes of the inteſtines, a lit- 
tle before enumerated, are very ſingular in the 
Worm and Nymph of which I treat, thoſe 
which the ſpinal marrow undergoes deſerves 
yet the greateſt notice, and that preferably to 
the reſt. For as this marrow in the Worm 
was twiſted, as it were, into a curled lock; fo, 
on the other hand, we find it extended very 
ſtraight in the Nymph, and almoſt all its 
eleven knots, Tab. XLI. Fig. vii. 1, 2, 3, 
&c. dragged or ſeparated from each other. 
This is chiefly ſeen about the laſt knots; but 
not about the foremoſt knots, or thoſe next to 
the brain, a; near or on the upper part of 
which I have delineated the cornea of the eyes. 
The firſt knot, 5, preſerved its former ſituation; 


but the four ſubſequent knots, c, having ſuf- 


fered a quite different change, were preſſed 
cloſer to each other than before, and expanded 
to a conſiderable bump or ſwelling; and 
therefore the nerves, ſpringing from thence, 
were now conveyed in a very different manner. 
Nay, further, the origination of the ſpinal 
marrow 1s alſo ſeen, ſtretched and extended 
between the firſt and ſecond knot: and this, 
indeed, may be perceived ſtill more plainly 
about the ſixth, ſeventh, and eighth knot ; 
and therefore only the three loweſt knots, d, 
remain in their former ſituation; though the 
laſt of them is likewiſe more conſpicuous than 
the two next above. If we would here follow 
Reaſon as our guide, ſhe would certainly have 
rather dictated, that the convolution of the 
marrow in the Nymph is extended in the 


fying inſeQts, and it is the ſame in almoſt all the kinds of fiſhes ; 


ſh the body of the female is filled with this ovary, as entirely 


as in inſets. The intent of Nature ſeems to be the providing, from the abundant eggs and young of ſome kinds, food for the 


others ; for it never could be the intent, that all the eggs contained in theſe ovaries ſhould yield 


inſects. ; 
Worm; 


Worm, ſince the Worm is two thirds longer 
than the Nymph: and hence it ſhould ſeem 
neceſſary, that the marrow in the Nymph muſt 
be thus twiſted, by reaſon of the contraction 
of the body, which, as it were, accommodates 
itſelf thereto ſpontaneouſly. But experience 
teaches, that all our reaſonings here are of no 
conſequence. 

Wherefore, if any one well conſiders theſe 
changes and extenſions of the nerves, and the 
knots of the ſpinal marrow, he will clearly ſee, 
that the change of the Worm into a Nymph, 
and of the Nymph into a Fly, the inſect, in 
the mean time, being one and the ſame, is, 
in reality, very miraculous, and may be called, 
as it were, a new creation, or rather genera- 
tion; the true cauſes of which we are at as 

eat a loſs to inveſtigate, as the nature of God, 
who is the author of this work. This ſhould 
certainly excite us to acknowledge the offen- 
ſive cloud of our own blind ignorance in every 
thing, and afterwards to ceaſe from pride and 
arrogance. It teaches us alſo, how largely the 
miracles of God are expreſſed in theſe ſmall 
creatures: they are, as it were, ſpontaneouſly 
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evident to any one, with the leaſt pains, in the 
inveſtigation. However, one may obſerve, 
that ſuch changes are likewiſe obſerved in 
the larger animals; for the ſpinal marrow 
of the embryo, which, in the beginning, is 
hardly larger than a pea, is alſo inſenſibly 
expanded as it grows larger: yet one can- 
not, on the other hand, deny that this is 
only a ſimple augmentation of the parts, 
which produces ſuch changes in the larger 
animals. But in the inſets there is obſerved 
a remarkable tranſpoſition of the parts, and an 
admirable accretion of the viſceraz which, as 
it is performed in a ſmall ſpace of time, de- 
ſeryes to be called miraculous, nor can it by 
any means be diſtinctly explained: for qur eyes 
never diſcover, nor can they ever diſcover, how 
theſe things are really executed. Add to this, 
that the adult animal here grows young as it 
were again, and muſt receive other additions, 
until it is at length cloathed in a more noble 
body: all which tend to the honour and glory 
of God, the Supreme Deity, the Author of all 
theſe miracles. 


4 CHAP. VI. 


Of the true manner in which the Nymph breaks out of its outer and inner coats; 
ſ that, by a kind of viſible reſurrection, the creature afterwards aſſumes tha 
form of a Fly. Alſo of the pulmonary tubes and inteſtines, the coats of which 


are drawn off, and left in the exuviæ. 


\ N THEN the time approaches, in which 
the hidden inſect, row changed into 
a Nymph, in its outmoſt uncaſt coat, is to at- 
tain the form of a Fly, which change it per- 
forms in the ſpace of eleven days, the ſuper< 
fluous humours, wherewith its members are 
ſwollen, are firſt inſenſibly expelled by 18 
ration. The little body of the Nymph alſo, 
as hath been obſerved before, is contracted 
unto the fifth ring of the ſkin: and hence the 
four laſt rings of the abdomen and tail become 
empty and hollow, or are all filled with air, 
through the aperture of the reſpiratory orifice 
in the tail. The Nymph likewiſe yet draws its 
breath through the ſame aperture. 
If you deſire to ſee this, expoſe the Nymph 
a little to the rays of the ſan, and afterwards 
put its tail into water. Thus you will find, 
that it will breathe ſtronger than it did before, 
and, by expreſſing an air-bubble out of its 
body, and again ſucking it in, will manifeſtly 
perform the action of inſpiration and exſpira- 
tion. 

The anterior part of the Nymph's body 
likewiſe draws back from the ſkin, and having 
partly deſerted the beak, head, and firſt ring 
of the breaſt, the little inſe& afterwards lies 


at reſt within its ſkin ; until its exhaling mem- 


bers have acquired due ſtrength and firmneſs 
to break open thoſe two membranes, where- 


with it is now ſurrounded, and hindered from 


coming into light. All theſe things muſt be 
here remembered, that what I ſhall ſay here- 
after may be properly underſtood, 

If, however, the outer ſkin be opened about 
this time, very wonderful varieties of colours, 
ſuch as one can ſcarce imagine, preſent them- 
ſelves through the inner ſkin, with which the 
Nymph is covered. Some of the parts are 
changed from white into black; others ate of 
a yellow, purple, brown, or very black colour, 
like pitch ; others, from aqueous, have become 
membraneous; and, from this latter ſtate, again 
become hard: ſome become fleſhy ; others 


again acquire an horny or bony hardneſs, ſo. 


that, when preſſed, they crack and break 
aſunder. 

It is likewiſe obſerved at this time, that the 
whole body becomes inſenſibly ſhaggy, and 
the feet and claws begin to move, All theſe 
things may be diſtinctly ſeen, provided one 
opens one of thoſe Nymphs conſtantly every 
day, until the time of change. But, for this 
purpoſe, it is neceſſary to lay them on white 
paper in an earthen diſh, or glaſs ſaucer, and 
then to make them ſomewhat moiſt with water, 
and keep them under a glaſs. In this caſe, 
the paper ſerves the Nymphs to fix their claws 
in, -when they come forth under the form of 


a Fly ; and I pour in a little water, to preſerve 


them from drying and ſuffocation. ' 


P _ light, 


When the creature is at length to come in 
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fight, the outmoſt ſkin of the Worm begins to 
move about the third and fourth anterior ring, 
Tab. XLII. Fig. 1. 2. This motion ariſes 
from hence, that the inſet, now hidden 
within the ſkin, uſes all its efforts to promote 
its excluſion, and to quit its inmoſt coat as 
well as its exterior ſkin together, at one and 
the ſame time. This is conſtantly the courſe 
of nature, in our fourth order of changes. It 
is obſerved, on this occaſion, that the ſkin is 
divided into four parts : hence it happens, that 
the third þ of the foremoſt rings, and alſo the 
fifth, c, are partly ſeparated; and even theſe, 
as well as the fourth above, open very regu- 
larly and orderly in the breaſt. After this, the 
inſe& i nmediately breaks open its inner coat, 
with which it is immediately inveſted, and caſts 
it off, together with the ſkin, NN forth 
from thence under the beautiful form of a Fly, 
Fig. 11. 4. | 

But I would have it here obſerved, that the 
breaking open of the outmoſt ſkin, as now ex- 
plained, is not at all caſual or accidental ; but 
is perfectly ordained by a conſtant order, fince 
it always proceeds in the ſame manner in all 
theſe changes. The ſkin alſo is in thoſe places, 
where it is broke open, fo circumſtanced by 
the all-wiſe Author of Nature, that it eaſily 
opens, as if joined together by ſutures. 

When the Fly is thus produced, its wings 
are not immediately obvious, or diſtinctly vi- 
ſible; but are curled up, and wrinkled into 
folds, in the ſame manner as I have exhibited 
in the Nymph. However, in the ſpace of a 
quarter of an hour, which is well worth ob- 
ſerving, we ſee that they are diſplayed and 
extended, and become ſmooth. The cauſes 
of this ſudden effect are the blood and air, 
which are then impelled forcibly into the veſ- 
ſels of the wings and pulmonary tubes: there- 
fore, if the wings about this time be wounded, 
they ſhed ſome ſmall drops of the creature's 
blood, like clear flowing water ; and this never 
happens afterwards, when the wings are once 
expanded and dried, though you wound them 
never ſo often. 

When the wings are expanded, the little 
inſect diſcharges three or four ſmall drops of 
muddy water, and immediately enters into an- 
other ſtate of life: for the creature, that lived 
before in water and mud, now wanders thro' 
the air, carried by very ſwift wings, and viſiting 
the graſſy fields and meadows, enjoys a more 
noble and happy kind of life. 

In the ſame quarter of an hour, wherein 
this creature is produced, it hath alſo acquired 
the knowledge of every thing neceſſary to do 
what it ought, and to avoid what may preju- 
dice it; wherefore it never afterwards has oc- 
cation of a tutor, or director for any thing. 
Hence the birth of this inſect by far excels the 
unfortunate condition of man, after he is born. 
He for ſome years increaſes or grows up, as it 
were, in diſagreeable circumſtances, before he 
has reaſon, or a knowledge of thoſe things 
which he ought to do, or avoid : but, on the 
contrary, this inſect is of full maturity when 
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born ; nor does it increaſe any more after the 

uarter of an hour, in which its birth is com- 
pleated ; but it feeds itſelf with a moſt diſtin- 
guiſhed kind of pleaſure, and lives on dew and 
ſugared liquors, which it finds in the meadows 
and flowers: indeed, it ſometimes nouriſhes 
itſelf with blood, to the juſt puniſhment of the 
fins of Man, who is more miferable than the 
Worm fixed to the earth, and thrown into this 
world as into exile. This Fly naturally tor- 
ments cows and cattle, that ſerve for the uſe of 
man, in ſuch a manner, that they run through 
the fields mad, as it were, with pain. 

Relying with juſt reaſon on theſe things, I 
can at length affirm, that the aforeſaid meta- 
morphoſis of the Worm into a Nymph, under 
which change the Nymph is for ſome time, as 
it were, dead, and deſtitute of motion, and, 
after the ſhort ſpace of eleven days, increaſes 
into a Fly, by the wonderful alterations of the 
internal parts; may be juſtly compared to the 
true reſurretion from the dead, or, as it were, 
to a new generation. The human underſtand- 
ing is, indeed, amazed at this; but at the ſame 
time we are taught thereby, as with a viſible 
example, how near our reſurrection and refor- 
mation is, when we love God above all things, 
and our neighbour as ourſelves; in which con- 
fiſts, indeed, the real metamorphoſis of the 
human mind. This, having then caſt off the 
ancient dirt of avarice, pride, and envy, and 
changing thoſe vile paſſions for the moſt ſweet 
and gentle love of Chriſt, lives afterwards 
eternally in a more perfect body. 

The Fly, thus produced from the Nymph, 
exhibits two antennæ, or horns, Tab. XLII. 
Fig. 11. a, on the head. The four anterior 
legs are jointed to the lower part of the thorax. 
The two laſt are ſeen 5H under the poſterior 
part of the body, and ſhew very diſtinctly 
their joints, and the two claws, with which 
their extremities are fortified, Two little ap- 
apertures are ſeen in the upper part of the tho- 
rax; but its poſterior region is girded round 
with a beautiful margin, near which, on each 
fide, are ſeen two little parts, with globular ex- 
tremities, deſigned for making a noiſe or ſound. 
The two wings are affixed cc to the ſhoulder- 
blades. The body, 4, is divided by ſome yel- 
low ſpots, with black horny or bony rings, 
which are beautifully adorned above and about 
the ſides with fine hairs. I had once intended 
to delineate theſe things magnified ; but I am 
now ſo ſtinted in time, that I cannot execute 
this deſign. 

The other miracles of God, ſhewn in this 
inſet, muſt be now exhibited to view; I mean, 
thoſe which occur in the ſkin, and in the inner 
integuments, which have been forſaken by this 
Fly. I ſhall now ſhew theſe exuviæ, or caſt 
parts, diſſected and magnified by a microſcope. 
In the hinder part of the outer ſkin, the caſt 
off pulmonary tubes, aa, which, upon the 
Worm's being changed into a Nymph, and 
contracting its body into the fourth annular in- 
ciſion, had ſeparated from its interior parts, 
{till adhere to the ſecond, third, and fourth 
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rings: and as the body was wrinkled at that 
time, it happened that theſe pulmonary tubes 
were turned out of it, through the poſterior 
apertures of the tail, and remained fixed to the 
reſpiratory points or breathing-holes of the 
outer ſkin. From conſidering therefore this 
ſition of the exuviz, it is eaſy to underſtand 
10w the inſect has at that time, beſides other 
changes, ſuffered fo great a contraction of its 
body. The extended extremities, or ends of 
theſe pulmonary pipes, being protended for- 
wards, are curled and twiſted, 5b; which pro- 
ceeds from hence, that when the Worm con- 
tracts its body upwards, from the tail to the 
thorax, theſe pulmonary tubes are, by their 
own inſertions, and this force, thrown out of 
the body : and hence it happens, that theſe 
being afterwards left to theinſelves, they fly 
back, as it were, and from ſtraight run into 
curled ſtrings or cords. This I once plainly 
ſaw, when I opened the ſkin about that time. 
The like operation has place alſo, with re- 
ſpect to the inner c coat of the inteſtines ; 
which then likewiſe ſeparates from the body, 
and remains fixed to the ſkin, very beautifully 
repreſenting the complicated web of a Spider. 
Within, in this little inteſtine, which is of a 
beautiful white colour, are found ſome par- 
ticles, like grains of ſand, clear as alum, and 
conſiſting of many points and diviſions. I firſt 
thought theſe were ſand ; but I afterwards ſaw 
that when they were mixed with ſpirit of vi- 
triol, they fermented very ſtrongly, which is 
not a property of ſand. And, therefore, as I 
am unable to explain the nature of many other 
arts, ſo I do not know what this ſubſtance is; 
whether it be of any uſe in the body, or whe- 
ther it probably contains the calcarious, chalky, 
and alcaline particles of excrements ? I there- 
fore, here again, candidly confeſs my own great 
Ignorance. If we invert this part of the in- 
teſtines, and the tail, we may likewiſe ſee how 
the ſeparating inteſtine, Tab. XLII. Fig. 1v. a, 
inwardly detaches itſelf from the inner cavity 
of the ſtraight gut or rectum, 5; and, when ſe- 
parated, remains fixed to the external orifice of 
the fundament, which opens c within the outer 
ſkin. This I have roughly delineated, the 
better to explain it. 


In the anterior or fore-part of the Worm's 


extiviz, are ſeen the legs, beak, eyes; Fig. 
111. d, and ſkull, e, left and caſt off together &. 


There is likewiſe ſeen the coat, which patted 


from the internal ſurface of the gullet and 
ſtomach. But it is neceſſary to take notice 
here, that every thing, hitherto mentioned, 
happens when the creature firſt aſſumes the 
form of a Nymph. | 

When it afterwards, upon breaking forth 
under the form of a Fly, quits this outmoſt 
ſkin and the inward pellicle together, there are 
again other remarkable things obſerved, which 
I ſhall now deſcribe. In the firſt place, I ex- 
hibit, as now caſt off, gg, the hitherto hidden 
inward coat, which had inveſted all the 
Nymph's limbs and parts, and which is now 
irregularly broke open in the fore- part, toge- 
ther with its outmoſt ſkin. This may, indeed, 
be eaſily done, on account of its thinneſs. In 
its hinder part, one may ſee where the tail, þ, 
or the extremity of the Fly's body, was before 
ſituated within it. In each fide of this ſkin 
are ſeen the pulmonary tubes, rolled out, and 
all terminating ii in a pointed extremity, like 
ſo many ſmall tops or points of needles, tho' 
each of them may be very eaſily ſeparated into 
many branches, 

But it muſt be here again obſerved, that 
theſe pulmonary tubes do not ſeparate or go 
off, when the Worm is changed into a Nymph: 
for, otherwiſe, the Worm muſt have crept out 
of its external ſkin; as, indeed, i; always the 
caſe in ſome other orders of tranſmutations. 
But ſince that does not hold here, therefore 
the moſt wiſe Creator has ordained that theſe 
changes ſhall happen, when the Worm, on 
forſaking both its ſkins together at the ſame 
time, and being cloathed in more noble orna- 
ments, and under this form afterwards dig- 
nified with the name of a Fly, is to come 
to light. Theſe things, indeed, afford us mat- 
ter very worthy of conſideration, We are ex- 
cited to induſtry not only by the ſmall Ant, 
but may draw knowledge and learning from 
the contemptible Fly. And thus all things 


tend, at length, to the honour and love of the 


Supreme Architect, whoſe works are evidently 
the open books of Nature. 


It is univerſal among inſects, that the creature which has put off its exuviz, or caſt its ſkin, immediately appears much lar 
than it was before. This is indeed true in fact, as well as in appearance. The body has by degrees grown under the ſkin, till it 
is too large for it; and this is the very reaſon of the throwing it off. As the increaſe has been gradual, and the parts are ſoft, the 
ſkin has preſſed them together, and they lie cloſe ; but as ſoon as this ſkin is calt off, they diſtend themſelves, ſo as to appear in 


their proper form, 
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Treating very particularly of the Aﬀlus, or Gadfly, and its external and internal 
parts, as well male as female. 


OW that we have ſeen the order in 


a Nymph, and how this latter is at length 
changed into a Fly, and conſequently appears 
under three different forms, though it always 
remains one and the ſame inſect; it is neceſ- 
ſary, for my purpoſe, to exhibit particularly 
the parts of the Fly. This I ſhall now at- 
tempt to do, and I ſhall begin with the male; 
and afterwards deſcribe thoſe parts in the fe- 
male, which cannot be ſeen in that ſex. 

The male Gadfly, confidered externally, 
ſhews itſelf divided into the head, the thorax 
or breaſt, and the abdomen or body. Theſe 
three parts are joined together, as it were, by 
a ſmall filament ; and this makes a moſt beau- 
tiful figure in Waſps. 
theſe creatures are called inſects. 

In the head the eyes, horns, and proboſcis 
or trunk, are very conſpicuous. The eyes are 
ſmooth, of a dark browniſh-green colour ; and 
they ſeem ſpotted, upon a tranſparent gold- 
coloured ground. Their ſtructure is like that 
of the Bee's eyes; for each conſiſts of a col- 
lection of many leſſer eyes, between the hexa- 

onal diviſions of which ſome hairs are ſcat- 
tered up and down. A ſmall, black, horny 
margin divides theſe eyes one from the other. 
The hinder part of this margin, which lies 
upwards towards the thorax, is likewiſe adorned 
with three larger eyes; the two hindmoſt of 
which are ſomewhat ſmaller, and the two fore 
ones as large again. In the neck, or where 
the beginning of the medullary ſubſtance is 
joined to the cerebellum in us, there are ob- 
ſerved two. yellow ſpots. 

In the foremoſt region of the head, where 
the margin juſt mentioned reaches towards the 
mouth, two very beautiful horns, of an ob- 
ſcure blackiſh colour, are placed in the middle. 
Theſe are divided each into eight joints, where- 
of the lower are longeſt, and are ſet with fine 
hairs. About the mouth are likewiſe ſeen a 
conſiderable number of hairs, of a glittering 
deep gold colour. The mouth has no open- 
ing, as in other inſects; for the proboſcis or 
trunk, like an hollow little tongue, is here 
placed in the mouth; and through it, as 
through an hollow tube, the Fly, when eating, 
conveys its food into the ſtomach. 

By preſſing the thorax with the fingers, this 
proboſcis will come in fight out of the mouth: 
in its fore part appear two oval bubbles, Tab. 
XLII. Fig. v. a; the middle parts of which 
are applied to each other lengthwiſe, and be- 
tween theſe the food paſſes to the ſtomach. 
Their upper part is beautifully divided with 
various pulmonary tubes, which, like ſo many 
ſemi-circles, run from one fide to the other. 


The proboſcis alſo has briſtly hairs þ 6 on each 
5 


which the Worm grows or increaſes into 


This is the reaſon why 


ſide of it, which, ariſing out of the outer ſkin 
of the mouth or lips, Pie the trunk itſelf, 
when drawn back by the Fly. The inferior 
or lower part of the proboſeis has two ſmall 
ac appendages; out of the ends of which, 
conſiſting of a black horny bone, likewiſe ariſe 
ſome hairs. They are jointed into a ſingular 
kind of black d horny triangular bone, which 
gives conſiderable ſtrength to the membranous 
parts of the tube, which ſupports the proboſ- 
cis, Beneath this is afterwards ſeen another 
horny bone, which is of a different figure, e. 
I have not yet been able to diſcover the acu- 
leus or ſting in this Fly, though it ſhews itſelf 
very viſibly in the Horſefly, which carries it 
encloſed in a ſmall ſheath. Whether the great 
tenderneſs and fineneſs of the ſting prevented 
my finding it, or whether J miſſed diſcovering 
it, I cannot ſay. Neither can I explain in 
what manner this little inſect ſucks the blood, 
ſince I have never learned this from obſerva- 
tion. I have ſaid, indeed, in my general hiſ- 
tory of inſects, that theſe little creatures had a 
ſting or point in their mouth ; which, I believe, 
to this time is the general conſtruction, tho' I 
cannot at preſent demonſtrate it. 

The ſhape of the thorax on the upper fide, or 
in the back, is oblong, and it is moderately hard 
like a horny bone. It is in ſome of theſe Flies, 
covered very thick with fine hairs, Its upper 
part is bent a little inwardly at each fide: and 
hence it happens, that two holes, as it were, 
are there formed; beſides, each fide of it is ſet 
with thin hairs. In the loweſt region of the 
thorax are ſeen ſix legs; they are articulated to 
the thorax. Each of theſe legs conſiſts of five 
joints; the laſt of which is again ſubdivided into 
five ſingle joints, and is armed with two rediſh 
cla ws, having their extremities as black as pitch. 
All theſe joints have alſo briſtly hairs, and are 
conſtructed or formed of a horny or bony mat- 
ter, ſomewhat hard like lobſter-ſhells: within 
this the muſcles, veſſels and nerves are placed. 
On the upper and hinder part of the thorax are 
two wings, of an even and generally ſmooth 
ſurface; though they have ſome few hairs diſ- 
perſed over them. A conſiderable number of 
pulmonary pipes 1s alſo diſtributed through theſe 
wings, and theſe divide them as ſo many ſmall 
nerves. The membranous parts of the wings 
are ſomewhat wrinkled, or plaited with ſmall 
folds, and they are of a colour approaching to a 
pale red, The wings are, by the help of their 
Joints, connected with the back; where the 
muſcles, which move them, are inſerted therein. 
Four ſmall folds of the wings are likewiſe ſeen 
there; whereof the lower are beautifully ſur- 
rounded with hairs ; and where the contracted 
wing reſts, they are received by a kind of hole 
or pit, conſpicuous in each ſide of the thorax ; 
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and this likewiſe has ſome ſetaceous hairs, but 
not placed ſo regularly, Near theſe appear two 
globules, each of which is ſupported by a bent 
or crooked ſmall foot or peduncle, and theſe re- 
ſemble the iron head of a hammer, All the 
little parts, juſt now enumerated, ſerve for mo- 
dulating the air; for, as this is driven out of the 
thorax into theſe cavities, hence is produced 
that craſhing noiſe in the ſides of the body, made 
by the Fly when it diſplays its wings in flying. 
The malleoli, or little hammers, in particular, are 
very beautiful, and ſuch are found almoſt in all 
Flies: but I never ſaw them in any ſpecies of 
Bees; that is, the Bees have four wings: and 
therefore they produce their ſound or noiſe in a 

uite different manner. The ſame may be alſo ob- 

rved in Locuſts and Graſhoppers. Indeed every 
kind of inſect has particular inſtruments to vi- 
brate and modulate the air. The part of the 
back oppoſite to the abdomen, is adorned with 
a yellow margin ; out of which ariſe two ſharp- 
pointed little parts, like ſharp needles, terminated 
by black points. However, you may more ea- 
fily diſcover theſe little parts by the touch than 
by the ſight, becauſe they are ſurrounded with 
a great number of hairs, 

The abdomen, in like manner, conſiſts of a 
horny or bony ſubſtance, and being ſet all 
round with hairs, has five yellow ſpots on each 
fide, which are here and there as if folded 
up, and laid ſmooth, and without hairs, It is 
moreover divided into ſeveral rings, which are 
diſpoſed in the ſame manner in the male as in 
the female : though, in reſpect to the particular 
ſtructure, there is ſome difference between them, 
as far as they conſtitute the Fly's tail ; but this 
difference cannot be ſeen, unleſs when theſe 
parts are preſſed back wards, | 

As to the external parts, there is no difference 
between the male and female, except with re- 
gard to the bigneſs of the body: the male is a 
full third part leſs than the female, which is like- 
wiſe the caſe in the Worm alſo, and the Nymph ; 
for thoſe which are to produce males, are leſs 
than thoſe which are to yield females. The fe- 
male muſt carry in it an ovary, which, as it 
contains fo great a number of eggs, that it can- 
not be comprehended in a narrower compals, 
it is therefore neceſſary that ſhe ſhould have a 
larger body. To make this the more evident, I 
ſhall now deſcribe the inward parts of the Fly, 
and their difference in the male and female. Let 
it be here obſerved, that it is a female I have 
delineated here, and. deſcribed in general. 

Before I proceed to the internal parts, I muſt 
obſerve, that all the Flies which belong to this 
ſpecies, do not exactly agree with one another, 
in regard to their ſpots, colours and hairs, which 
is alſo the caſe in their Worms; between which 
there is great difference in regard to their paler 
or fuller colour, 

Now, if, in order to ſettle the diſſection of 
theſe Flies, you deſire to kill them in ſuch a 
manner as not to hurt any of the parts, there 
is nothing ſo proper for this purpoſe as ſpirit of 
wine, in which they die immediately : however, 
I could not entirely kill the Worm in this liquor, 


I haye killed a young Fly in the ſpace of three 
hours, by the ſmell of Braſil tobacco, put neat 
it in a flack: and this indeed I have often done 
ſince. 

In the head of a male Fly of this ſpecies, two 
days old, I obſerved that little particles of fat be- 
came conſiderably ſmaller than I before deſcribed 
them in the Nymph. When I had afterwards 


removed the cornea from the eyes, the colour 


of the uvea, which ſtill lay within that, appeared 


of a bright red. I obſerve alſo, that the colour 


of the uvea is very different in proportion to the 
age of the Flies: for thoſe that have very re- 
cently caſt their skin, ſometimes ſhew the uvea 
of a very beautiful and full orange colour, 

All the muſcles of the legs and wings, which 
are inſerted in the horny or bony inveſting coats 
of theſe parts, were in this Fly entirely perfect. 
I found little fat here. But the belly, when 
opened, appeared to be very full of it. This fat 
was of a purple colour, and its particles globular ; 
ſo that at firſt ſight I took them for egg. Theſe 
fat particles very eaſily ſeparate at this time from 


the pulmonary pipes. Theſe tubes were become 


much leſs, and more contracted, on account of 
the great loſs of the conſiderable coats which they 
had caſt off; but I could not find any tube among 
them dilated into veſicles, as is the caſe in man 
other inſets. I further obſerved alſo, that the 
largeſt branches of the pulmonary tubes, which 
I have before deſcribed in the Worm, were here 
in the Fly compreſſed, and inſenſibly worn away, 
as it were, or aboliſhed: and the fame thing is 
true with reſpect to the bags, out of which the 
Silkworms ſpun their ſilken threads. 

I obſerved alſo two conſiderable pneumatic 
bladders of a pear-like ſhape; one of which I 
here delineate, Tab. XLVII. Fig. vi. a. They 
were large, and very much dilated, and were 
ſomewhat curled in the curvature of their tops, 
in the manner of thoſe little purſes, in which the 


earth Spiders carry their eggs about them : this 


happens probably, becauſe theſe bladders have not 
been extended as much as they might, Each of 
theſe was terminated by a cloſer tube, &, com- 
poſed of orbicular rings; out of the ſides of this 
other ſmall branches, cc, iſſued here and there; 
two of which I here exhibit magnified. Theſe 
pulmonary tubes are principally conveyed to- 
wards the ſides of the body, under the wings, 
and there forming ſmall orifices, they afford the 
air by which the Fly makes or produces its noiſe. 


The ſtomach and inteſtines were in this Fly 


very much contracted, I found a little air in the 
ſtomach, and in its hinder part near the pylorus, 
a browniſh yellow fluid. The little inteſtine 
found in the other inteſtine, was wanting in this 
ſubject, having been waſted away. The four 
convolutions of the four cloſed or blind inteſ- 


tines, were here found forced out of the breaſt 


into the belly. The rectum ſhewed itſelf di- 
lated to a conſiderable width, and filled with a 
white moiſt ſubſtance like chalk. 
Below, in the abdomen, were ſeen the genital 
ra the penis, the teſticles, and the ſeminal 
ladders. The penis is ſituated underneath, 
within the laſt ring of the abdomen, thro which 


* @ it 


r 2 * 


3 
4 * 
} A. 
4 
1 
* 
7 
1 
\ 
0 | 
" * 
147 
198 
7 
1 
TT 
F 
iy 
5 
4 ' 
. 
TH 
We. 
3-0, 
xx 
'Þ 
Pl 
- 
* 
9 
TY 
"4 
1 
* 
*D 
2 
* 
4 
* 


* I * SEL 
« * — A 
D emanate ca 
\ 9 


22 2 . 
— 1 = 


= 2 
* 8 2 — 4 


—— — 


* 


62 The BOOK of NATURE; or, 


it eres and ſtretches itſelf. Its forepart is divided 
into three horny or bony points, Tab. XLVII. Fig. 
vII. 4, variegated with a paliſh yellow colour, 
ſomewhat approaching to red: the middle one 
of theſe is properly the penis, which can erect it- 


ſelf internally, and puſh through the horny little 


bone, wherewith its hinder parts are inveſted. 
It is connected as by two joints, 56, with black 
horny li:tle bones, twiſted into ſerpentine wind- 
ings, which I here repreſent, joined to the hin- 
der part of its horny ſheath. Moreover, this 
can bend itſelf in ſome degree about the middle, c; 
its caſe, or ſheath, being there a little more mem- 
brancus : hence the penis ſeems to exhibit a 
joint in that part. The laſt or extreme ring of 
the belly, wherewith the penis is articulated, is 
likewiſe adorned with two margins or verges, 
which are ſmall, horny, or bony, black, and 
conſiderably ſtrong, 4d; and in the fore- 
part, are, as it were, jointed with the horny 
little bones, which are bent in a ſerpentine man- 
ner ee. I have here delineated that ring open: for 
all theſe horny little bones are cloſely joined to- 
gether, and cover, as it were, the penis. 

+ The ſoft and nervous part of the penis, 
twiſted in a ſerpentine F manner, runs inwardly 
into the cavity of the abdomen, and is there at 
length dilated into a conſiderable knot, g; into 
which the teſticles, Yb, and ſeminal veſicles, i 1, 
diſcharge their ſperm through four orifices, and 
thus convey it to the penis, Theteſticles, when 
diſſected, ſhew themſelves to be compoſed of 
very numerous, ſmall, very ſhort and tender & # 
tubes, with their ends cloſed ; all which threw 
their ſperm into the vas diferens, /, by which it 
is conveyed on further. The ſeminal veſicles 
are not ſo conſiderable; but they deſerve notice, 


on account of ſome bendings and curlings, mm; 


they terminate in delated extremities. Their 
ſperm, as well as that of the teſticles, is white; 
though the teſticles are not ſo white as the ſemi- 


nal veſicles. 


The ſpinal marrow is here diſpoſed in the 
ſame manner as it is in the Nymph, 

I find the ſame parts in the female as in the 
male; only that an ovary is found in that ſex, 
inſtead of the male genital organs. This ovary 
is divided into two parts, Tab. XLII. Fig. vii. 
aa, and being 6 faſtened to the laſt rings of the 
abdomen, it opens there by a large orifice, and 
diſcharges its eggs; theſe the Fly always drops 
into the water: this is likewiſe the practice of 
the Perla or Dragon-fly. Theſe hinder rings of 
the body, are here and there very beautifully va- 
riegated with black, horny, or bony ſpots of dif- 
ferent figures, ccc, and are likewiſe beautifully 
adorned all round with hairs d. 

The eggs in the ovary ſeem to be exactly ſphe- 
rical, and to exhibit each an opening in the 
middle of it, eee: but this is only a falſe appear- 


ance, produced from their too obſcure colour. 


In reality theſe eggs, are oblong ; and they become 
the longer and more acute, /, as alſo larger and 
more conſpicuous, the longer time has paſſed 
fince the Fly's change; ſo that they inſenſibly 


5 


fill the body more and more. But if theſe eggs 
be laid before a microſcope, that magnifies in a 
great degree; then their real figure is diſcovered, 
together with the pulmonary tubes, g, which 
connect them every where, and which furniſh- 
ing many ſhoots, I, diffuſe i i themſelves through 
the whole ovary in ſeveral beautiful branches, 
Noveins or arteries are ſeen here ; becauſe theſe 
little creatures have white blood, as alſo on ac- 
count of their great ſmallneſs. | 
In the young Fly theſe eggs are very tender, 
and of a beautiful colour ; which becomes the 
ſtronger or fuller, in proportion to its age. In 
one ovary of this kind, I have diſtinctly counted 
about four hundred and forty eggs: hence it is 
evident, what a great number of Worms one 
Fly may produce. 

I have placed water, ſweetened with ſugar, be- 
fore ſome of theſe Worms ; but they did not touch 
it, and died the fourth day. Others lived much 
longer, and the more ſo, the more they were 
expoſed to the cold and rain; for then almoſt 
all inſects abſtain from eating. I have neglected 
to offer them blood. 

In one of theſe Flies, which I opened alive, 
all the fat was conſumed, fo that no part of it 
remained, but thoſe purple little membranes, 
with which I had obſerved it before ſurrounded, 

Laſtly, near the orifice of the ovary, which 
diſcharges, Tab. XLII. Fig. viII. &, itſelf, thro” 
two ducts, I have diſcovered thoſe three very 
beautiful little knots, whereof I have before made 
mention in the Nymph. The extremities of 
thoſe Nymphs are twiſted, J, or turned like a 
ſnail-ſhell : and they are then inflected or bent, n, 
in a ſingular manner, then curled, 1, and run 
towards the laſt ring of the belly, and are placed o 
near the ovary, Where theſe knots form m their 
bending, ſomething like a common membrane 
Joins them together. But if they be diſſected, 
there are as many pulmonary tubes ſeen encloſed - 
therein, as they are in number. The coat or 
membrane, which inveſts theſe pulmonary tubes, 
entirely dries away and periſhes, if theſe are put 
on a glaſs, and leaves the tubes bare with open 
cavities, By opening the ſaid knots alſo, one 
may turn the air-tubes out of them unhurt. 

The uſe of theſe little parts is utterly unknown 
to me; I cannot even conjecture for what purpoſe 
they are formed. There are alſo many other parts 
of this inſect, concerning which I am as much at 
a loſs, Wherefore, all who read theſe matters, as 
well as myſelf, being convinced of our igno- 
rance therein, are obliged ſubmit to before God ; 
who hath ſhewn himſelf fo incomprehenſible 
and adorable in this inſet, We are obliged to 
extol him with praiſes, for that he hath been 
graciouſly pleaſed to diſcover to us ſo many, and 
ſuch great things in this creature. If we cultivate 
and exerciſe together theſe two duties under ſuch 
reſearches, the viſible things will ſerve to excite 
and encourage us to know and ſee God, from 
thoſe objects which he created, and to love him 
cordially, and like children, as the ſupreme ve- 
nerable Deity. 


The End of the Hiflory of the Gadfly. 
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A Letter written by the author to Mr, Thevenot, on the nature and anatomy of the 


Worm bred in rotten cheeſe, or the Acarus, and called by us the Mite, and of 


the Fly produced from it.“ 


SIR, | 


Doubt not, but at the time when you held 

weekly conferences at your houſe in Paris, 
and thereby made it a general place of meet- 
ing for the learned, ſome of your inquiries 
turned on the nature of Mites, their ſingular 
diſpoſition, and ſurpriſing manner of their 
ſpringing up into the air. I therefore take 
the liberty of ſubmitting this little treatiſe to 
your judgment, which I reſpect and value in- 
finitely more, than the opinions of many of 
the profeſſed litterati of the preſent age, whoſe 
inquiries into natural things, ſeldom go deeper 
than the ſurface. 

I am not ignorant, that the illuſtrious Redi 
has wrote with great knowledge and accuracy 
concerning Worms, which are bred in cheeſe ; 
but I know alſo, that he could not poſſibly be 
thoroughly acquainted with all the circum- 
ſtances remarkable in thoſe inſets ; and that 
the great number of uncommon experiments 


which he propoſes, could not but hinder him 
from applying himſelf thoroughly to all parts 
of the ſubject, eſpecially as he, at the ſame 
time, paid his attendance at the court of the 
great duke of Tuſcany. 

I have therefore taken upon me to lay be- 
fore you, molt illuſtrious philoſopher, a full 


account of this little Worm, and its Fly, their 


external erz their diſpoſitions, and their 
internal ſtructure; for I can take upon me to 
affirm, that the limbs, and other parts of this 
Worm are ſo uncommon and elegant, and con- 
trived with ſo much art and deſign, that it is 
impoſſible not to acknowledge them the work 
of infinite power and wiſdom, to which no- 
thing is hid, nothing impoſſible. You will 
ſee theſe minute creatures have, as well as the 
greateſt, a brain, nerves, muſcles, lungs, ſalival 
ducts, a ſtomach, ſmall and large inteſtines, cæca, 


or blind guts, pinguiferous or fat membranes, 
and the ſeveral other viſcera. 


The external parts of the Mite. 


A this Worm is very common, I 
have thought it not amiſs to give a figure 
of it at its full growth, and of its natural ſize, 
Tab. XLIII. Fig. 1. as names are equivocal, 
and there are many who know but little of it. 
Theſe ſmall creatures being generally held in 
deteſtation, though ſome eat them voluptuouſly 
with the reſt of the cheeſe, from a er ang no- 
tion, that they are formed out of the beſt parts 
of it; whereas in reality, they proceed Hlely 
from the eggs of a common Fly, as I ſhall 
preſently demonſtrate. But before I under- 
take to explain the diſpoſition of this Worm, 
and give ſome account of its internal parts, as 
they appear on diſſection; I ſhall deſcribe its 
external parts, as well as ſuch internal ones, as 
the tranſparency of the outer ones affords us 
an opportunity of examining, without being 
obliged to diſſect, it. | 

The Mite, when viewed with the micro- 
ſcope, appears divided into twelve ſections or 
rings, Fig. 11. 1,2, 3, 4, 5, 6, 7,0, 9, 10, 11, 12. 
The firſt of theſe rings, properly ſpeaking, forms 
the head a, the ſkin of which, as likewiſe that 
of every other part, is tough and firm like a 
piece of parchment ; ſo that it is no eaſy mat- 
ter to break or wound it, though the Worm 
leaps with a ſurpriſing violence, on being ever 
ſo gently touched. The forepart of the head 
is, in a manner, divided or ſeparated into two 
tubercules, from which ariſe two very ſhort 


antennæ, or horns. Between theſe two divi- 
ſions of the head, there conſtantly appears, 


through the tranſparent ſkin that covers it, a 


ſmall particle, which, like the head, conſiſts 
alſo of two diviſions. This little particle really 
contains the organs conſtituting the mouth, 
which are of a ſubſtance between bone and 
horn, and produce on their forepart two little 
black claws, which ſerve the Worm not onl 

as ſuch, but likewiſe for feet, and in the place 
of teeth. We may alſo clearly perceive thro' 


the inſect's tranſparent skin, that it can move 


theſe claws in and out, together with the al- 
ready- mentioned parts of the mouth, in the 
ſame manner as the Snail thruſts out, or draws 
in, its head and horns. 

The next ring is very remarkable on this ac- 
count, that the pulmonary tubes of the inſect 
ſcarcely open any where elſe, except in the 
hindermoſt ring of the body, where there are 
two more : I could never diſcover any other 
breathing-holes, or apertures, in this inſect. 
Thoſe in the front ring next to the head, are 
very large. Theſe extremities, or rather the 
beginnings of the lungs, Tab. XLIII. Fig. 11. 6. 
are curiouſly contrived, and elegantly conſtruct- 
ed. On the forepart, where they are thruſt out 
beyond the skin, they are of a membranaceous 
ſubſtance, ſomewhat white, and very delicate ; 
a little lower they ſwell, as it were, into a ſmall 
belly, and grow yellowiſh, and in ſome mea- 


* Tt has been a cuſtom to call any ſmall creature found in cheeſe, in Latin, Acarus, and in Engliſh, Mite. This author takes the 
the accuſtomed liberty of ſpeech, and gives, in the preſent account, the name Mite to the Maggot of a ſmall Fly ; but the creature 
we commonly call Mite in England, and which is moſt univerſally called Acarus in Latin, is of a different kind ; it is made ſmaller 
than this Maggot, and appears like a moving particle of duſt. This is the Acaris of the antients, which Ariſtotle obſerved in de- 
cayed Bces-wax, and was called the leaſt object of the human ſight. This Mite has fix legs, an oval or rounded body, with a hard 


ſkin, and very diſtinguiſhable eyes. The Maggot here treated of under the fame name, is a creature altogether diſtin&t. 
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ſure to appear of a golden brightneſs. After 
this, they grow narrower towatds the third 
ring, where we may plainly perceive, through 
the inſect's clear skin, that after acquiring a 
ſilver whiteneſs, like mother of pearl, they unite 
with the branches of the trachea, ſerving as 
larynxes. One great advantage the inſect 
draws from theſe openings, being placed fore- 
wards, near the beginning of the third ring, 1s, 
that when it draws in its head and legs, as it 
burrows in the moiſt cheeſe, theſe larynxes are 
covered by the folding of the skin. A contri- 
vance worthy of its great Author, the ſole 
fountain of every thing good and wonderful. 
Within the third ring there plainly appears, 
through the tranſparent skin, the two great 
branches of the wind-pipe, which communi- 
cate about the beginning of the fourth ring, by 
a very conſpicuous anaſtomoſis or inoſculation. 
There are alſo many other ſmaller branches of 
the trachea iſſuing from the two great branches, 
which are placed within the third ring ; and 
theſe ſmall branches aſcend towards the ſecond 
ring, and toward the head. I have omitted 
theſe ramifications in the drawing, for fear of 
rendering it confuſed. There appear beſides, 
tho' ſomewhat obſcurely, ſome other internal 
parts, through theſe rings. In the fourth ring 
there are ſeen two more branches of the tra- 
chea, iſſuing on each fide of the breaſt from 
the two main trunks cc. Of the two ſmall 
branches laſt mentioned, one goes to the 
fourth, and the other to the fifth ring, where 
they join the branches ſpringing from the tra- 
chea in this place by a double inoſculation, or 
anaſtomoſis, that is eaſily diſcernible. 

I do not find, that the greater branches of 
the wind-pipe form a mutual inoſculation, or 
anaſtomoſis with each other, any where, ex- 
cept about the beginning of the fourth ring ; 
but the ſmaller branches ariſing from the ſides 
of the greater, and which appear very diſtinctly 
on each fide of the body extended all over 
the annular diviſions, communicate with each 
other in a very obvious and conſpicuous man- 
ner. This may be beſt ſeen on the declivity of 
the breaſt and belly, above the borders viſible 
in thoſe places, as alſo in the rings of the left 
ſide, marked in the figure with the numbers 
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5, 6, 7, 8, 9, 10, 11, 12, and the letters, Tab. 
XLIII. Fig. 11. ddd, &c. There appear, be- 
ſides many other, ſmaller branches in the ſame 
places, which ſpring from the greater, and ex- 
tend to the viſcera within. 

All the other rings, from the fifth to. the 
eleventh, are conſtructed alike; and the rami- 
fications of the pulmonary tubes, which ſhew 
themſelves thro' theſe rings, are nearly of the 
ſame form : the principal difference, and that 
too is only accidental, as it is called, is, that the 
other internal parts of the Worm ſhew them- 
ſelves a great deal more plainly thro' ſome of 
the rings, than they do thro' others. In the 


fifth ring ſome particles of fat may be diſ- 


cerned thro' the skin e, and ſome more, tho” 
very faintly, in the fixth. In the ſeventh and 
eighth, I could perceive ſome of the cæca, or 
blind guts, or cloſed inteſtines ff. Theſe, on 
account of their contents, appear of a very pale 
colour, in ſome degree approaching to green; 
the ſame alſo I could ſometimes perceive, pretty 
diſtinctly, thro' the ninth ring, tho' at other 
times very little or not at all. In the tenth 
ring, and between the principal trunks or 
branches of the wind-pipe, which extend 
themſelves along the back of the Worm from 
one end of its body to another, there gene- 
rally appears a conſiderable branch of the tra- 
chea g, running to the internal parts. In the 
eleventh ring, there 1s ſeen a very remarkable 
particle of fat Y, reſting upon two branches of 
the wind-pipe ; but it has been only in ſome 
Worms that I could perceive this: it is not 
univerſal. 

The twelfth ring differs in conſtruction from 
all the others; for the two greater branches of 
the trachea terminate there, projecting at their 
extremities in the ſame manner as the leſſer 
branches of the trachea do beyond the ſur- 
face of the body. The projecting parts are, 
like the other breathing holes near the head : 
they are of a pale colour, but formed in a dif- 
ferent manner, as may be ſeen by looking over 
the figure. 

To conclude : the ſurface of this twelfth 
ring, is covered with a variety of prominent 
tubercles, and little cavities like wrinkles ; the 
uſe of which I ſhall hereafter deſcribe. 


Of the diſpoſition of the Mite. 


HUS, Sir, I have deſcribed, in a few 
words, the external parts of this Worm, 
and ſuch of the internal ones as appear thro' 
its tranſparent skin. But all theſe particulars 
will appear of little conſequence, when com- 
pared with the wonderful contrivance that is 
ſeen in every part, when more minutely ex- 
amined: ſuch a contrivance, as the great Archi- 
tect of nature alone can thoroughly underſtand, 
or could form ; the moſt ingenious inventions 
of man being, in compariſon with it, lame and 
defective. 
The figure I here give of this Worm, which 
is ſurpriſingly ſtrong, and has a moſt vigorous 


conſtitution, repreſents it lying on its back, and 
ſeizing its tail with its teeth or claws ; but this 
oſture is not, as you may gueſs, the natural 
condition of this Worm, nor is it ever found 
lying on its back, when alive; ſo that my only 
deſign in giving it thus, is to be better able to 
explain the manner of its leaping, in the moſt 
ſatisfactory terms. By turning the figure, you 
will have a moſt exact and natural repreſenta- 
tion of the little inſe&, preparing to make a 
ſpring. 
When this- creature intends to take a leap, 
it firſt erects itſelf upon its anus; in doing 
which, it is greatly affiſted by the prominent 
| | tubercles 
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tubercles of the twelfth ring, which enable it to 
maintain an equilibrium, by. projecting more or 
lefs at its pleaſure, from the body. Immediately 
aker this; the creature bends itſelf into a circle, 
and having brought its head, Tab. XLIIL Fig. 
111, towards its tail, it preſently ſtretches out its 
two black. crooked claws, and directs them to 
the cavities formed between the two laſt or hind- 
moſt tubercles of the body, where it fixes them 
in the ſkin ; as the ſecond figure, done from na- 
ture by the help of a microſcope, accurately re- 
| preſents. | | 
The Mite having thus made itſelf ready, con- 


contracts its body with ſuch force, that from a 


Circular, it becomes of an oblong form, Fig. rv. 
the contraction extending in a manner to every 

of the body. This done, it again reduces 
nf with ſo prodigious a force to a ſtraight line, 
that its claws, which are ſeated in the mouth, 
make a very perceiveable noiſe on parting from 
the ſkin of the laſt ring of the body: and thus 
the Mite, by firſt violently bending, and after- 
wards ſtretching out its body, leaps to a moſt ex- 
traordinary height, if compared with the ſmall- 
neſs of the creature, in conſequence of the ſtroke 
the body gives in recovering its place on the 
cheeſe, or wood, 'or any other ſubſtance upon 
which it was before lodged. 

I have indeed ſeen a Mite, whoſe length did 
not exceed the fourth part of an inch, leap out 
of a box fix inches deep, that is, to a height 
twenty-four times greater than the length of its 
own body *; others leap a great deal higher. 
But this Worm does not always erect itſelf per- 


pendicularly to take a leap; it very often prepares 
for this when lying on its fide, though the firſt 


is the commoneſt method; but whether it erects 


itſelf, or lies on its ſide when about to leap, it 
never fails to bend its body into a circle, and af- 
terwards to reduce it to a ſtraight line. ky 

If, Sir, you ſhould be deſirous of examining 


with your own eyes, theſe ſurpriſing miracles 


of God's power and wiſdom in this abject crea- 
ture, you need only place the Mite in a drop of 
water, upon any white ſurface, and adapt it to 
the microſcope in this fituation ; for, though it 
cannot leap in the water, you may diſtinctly 
perceive it endeavouring to do ſo, by ſeizing its 
anus with its clays, and making every other 
poſture, exhibited in the ſecond, third, and fourth 
figures. | | 
This may alſo be ſeen in another manner, by 
faſtening the Mite with a little paſte; made of 
ſtiff ſtarch, on the point of a very ſmall needle 
made for the microſcope, as it cannot looſen it- 
ſelf, ſo as to perform its leap in this ſituation. 
Another method is, to roll the Mite about a little 
upon a table, and handle it till it has loſt a great 
deal of its ſtrength; for, in this condition, it 
takes hold of its anus very irregularly, and ſome; 
times fixes its feet into the pulmonary tubes 
placed about that part; you may then very con- 
veniently fee in what manger it extends its claws 
upon this occaſion, Our common friend, Dr. 
Matthew Slade, will confirm all theſe particu- 
lars, he having had the pleaſure of admiring, 
together with me, all theſe prodigies of nature. 


An anatomical deſcription of the internal tarts. 


2 O kill ſome of theſe Worms for diſſection, 
1 I threw them into rain water, where they 
died, but not till after ſix or ſeven days: they are 
fitteſt, however, for anatomical diſſections, at the 
end of two or three days, lying in water; for 
though ſtill alive, they are benumbed. On 
being taken out of the water, at the end even of 
five days, they will crawl, however, and ſome- 
times leap about as briſkly, in a manner, as ever, 
and ſometimes live after this to become Nymphs, 
and afterwards Flies. 

I could diſcover no eyes in the Mite's head; 
butthefirſt things that preſented themſelvesin that 
part, on diſſection, were the claws, which I be- 
fore mentioned by the names of teeth and legs, 
as indeed { have found by experiment, that they 
will anſwer the ſeveral purpoſes of all thoſe parts, 
The inſe& makes uſe of them as teeth, in ſcrap- 
ing off the cheeſe, and afterwards ſwallowin 
it, ſo that it is but reaſonable to call them by 
that name: next the Mite employs them to 
walk with, fo that one would imagine it walked 


upon its noſe, This may be ſeen, by placing it upon 


a piece of fine linen, or paper ; for it fixes theſe 
two parts into the pores of the linen, or paper, 


and then draws after them the reſt of its body, 
Thus they deſerve the name of feet : but this is 
not the only manner in which this creature 
crawls ; it can likewiſe move itſelf by an undula- 
tion, or waving motion, of its body. Finally, 
theſe parts, may be juſtly conſidered as claws, 
not only upon account of their reſemblance to 


thoſe parts in other animals, but alſo, becauſe it 
is with them that the Worm takes hold of the 


laſt ring of its body, ſo as to bring its mouth and 


anus to meet together. 

Theſe teeth or claws are very ſharp on their 
fore part, and they are moderately crooked, al- 
moſt like thoſe of hawks and eagles, Tab. 
XLIII. Fig. v. 4 4. Nearer the root they grow 
broader, and they have two apophyſes or ſwell- 
ings, wherein the muſcles, that ſerve to move 
them, are inſerted, Theſe teeth are articulated 
with the mouth and palate, which are two 
little black, oblong, hollow, horny bones, with 
which the pharynx is alſo connected. Theſe 
little bones, from a lender beginning, 66, after- 
wards become broad, and at laſt terminate in 


four appendages, cc, which are in a manner of 


2 membranaceous ſubſtance; but in the fore 


Wie may admire in this inſtance the powers nature has given to different creatures, and their limitations, to anſwer neceſſary r. 
pats and not for miſchief to mankind. If nature had given this power to the ſerpent kind, how terrible would it have been! A 
VEE would have thrown itſelf from a concealed place, ſeventy- two foot at the traveller; a Rattleſnake an hundred and fifty: this 


g the proportion to the length of their bodies, 
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66 
part, they are connected in the middle, with 
two other horny; and very ſingular bones, , 
which ſerve to keep them in their places, and 

a proper diſtance-from each other. 
The gullet, which lies between theſe appen- 
dages of thoſe little bones I have been deſcribing, 
and in their hollow part, becomes conſiderably 


wider in the Worm's thorax, e, where it, in a 
manner, forms an ingluvies or large hollow, 


Under this are ſeen four appendages, cloſed at 


their ends, /, which are, as it were, cluſtered 
about and ſurrounded by little globular particles 
of a fatty matter, but of a peculiar nature. They 
are indeed properly made up of theſe. As yet I 
cannot determine what theſe particles ſhould be 
called, or the uſe of them may be, unleſs, per- 
haps, they may ſerve to moiſten the food of the 
Wort, in its paſſage through the eſophagus or 
gullet, and thereby render it of eaſy digeſtion. 

The ſtomach, g g g. offers itſelf next to our 
conſideration. It is very long, as is the caſe in 
all other inſects, while they continue in the 
Worm or Caterpillar ſtate. It is ſupplied with 
a great number of ramifications from the wind- 
pipe ; but I have omitted them all in the figure, 
except two principal, and ſome other ſmaller, ra- 
mifications diſtributed over the ſurface, þ h h. 
The length of this ſtomach is ſo very conſider- 
able, that one might eaſily miſtake it for a gut, 
and deſcribe it as ſuch; and no doubt, I ſhould 
have been myſelf of that opinion, had I not had 
an opportunity of comparing together the con- 
ſtruction of this, and of the ſtomachs of other 
inſects. This ſtomach is of a membranaceous 
ſubſtance, in which there appear ſome muſcular 
fibres through its tranſparent coats. All the con- 
tents of the ſtomach were white: I have en- 
deavoured to repreſent them in the figure by ſome 
dots, as ſeen through the coats of the ſtomach, i. 
The ſtomach appeared alſo inveſted with nume- 
rous particles of fat ; but I did not diſcover this 
laſt circumſtance in the ſtomach, till after I had 
dried it on a thin piece of glaſs. 

Lower down, towards the end of this chan- 
nel, there riſe from it two little ſlender inteſtines, 
k k, like thoſe found in all other Worms or Ca- 
terpillars, that I have yet diſſected, and even in 
the Louſe. I call theſe cæca, or blind inteſtines, 
In the Mite, theſe two inteſtines divided, each 
into two others; two of theſe contained a greeniſh 
yellow ſubſtance, //; and the two others, a mat- 
ter that was partly green, and partly white, and 
looked as if it was coagulated, m ; but what 
was very ſurpriſing, the motion of this ſubſtance 
through the inteſtines was ſo quick, that my 
eyes could not keep up with it; and, on my cut- 
ting one of the inteſtines in two, it flowed from 
it with great rapidity. This I obſerved in a live 
Worm, that I diſſected; but in another, which 
began to putrify, I found the coat of this inteſ- 
tine diflolved into an infinite number of little 
fatty lumps. In both, theſe inteſtines were of a 
prodigious ſmallneſs ; but from the motions of 
the matter contained in them, we may reaſon- 
ably conclude they are furniſhed with muſcular 
fibres, though 1 could by no means obtain a 


ſight of them, as they evade by their extreme 
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delicacy, the ſharpneſs: of both our eyes and in- 
ſtruments, which are at beſt only fit to examine 
viſible and ſenſible objects, and even theſe very 
imperfectly. How much therefore are we bound 
to humiliate. our hearts, when, on account of 
our great weakneſs, we cannot thoroughly ſearch 
into any one of God's creatures ! Theſe inteſ- 
tines had alſo their pulmonary tubes, n. And 
who can tell how many more wonders may 

remain hid in them "ot = 

The pylorus, o, or opening of the ſtomach, 
appears below the inſertion of the four inteſtines 
I have been juſt deſcribing, and near to this is 
the gut colon, pp, which is followed by the 
rectum, 9. I could diſcern the very extremity 
of the rectum, : it was of a ſomewhat diffe- 
rent form from that which 1 have given it in the 
ſigure; for I there repreſented it as it appeared 
on my ſqueezing it at the fundament out of the 
Mite's body. | | * 
It is extremely remarkable alſo, that two of 
the cæca or blind guts, were ſo united with par- 
ticles of fat, s 5, that their cloſed extremities ap- 
peared firmly fixed in them, and connected with 
them by means of a great number of pulmonary 
tubes, In the figure I have only repreſented this 
circumſtance in one of the inteſtines. There are 
in this creature a great number of theſe particles of 
fat. They are of an oblong oval form, ſometimes 
double, and ſometimes hung about with appen- 
dages, round, hollowiſh, and flat, as may be ſeen 
in the two little portions of this fat, which I 
have here repreſented, s s. 

On examining this fat with a powerful magni- 
fier, every diviſion or lobe of it appears wrapped 
up in its own particular membrane. We may, 
even by this means perceive, that every ſingle par- 
ticle of this kind, contains an infinite number of 
globules of fat, Fig. vi. a@a, which flow out 
of the lobe as ſoon as it is opened, and mix con- 
fuſedly together; ſo that, a variety of branches; 
compoſing, as it were, a little tree, are formed 
by the combinations of the concurrent lobes. 
The particles of this fat are of a duſky white, and, 
by this means, they exhibit in the Worm a 
ſpectacle, whoſe beauty no words can properly 
deſcribe; but we need not think this extraordinary, 
as it 1s effected by the Omnipotent Being, who, 
with a word, produced all things. 

It is very entertaining alſo, to conſider in what 
manner the pulmonary tubes, which are of a 


bright ſilver whiteneſs, Fig. vi. 6, run every 


where, and in every poſſible direction, through 
theſe pinguiferous or fat veſſels, ſo as to diſtribute 
themſelves principally over the particles of the 
fat, where this ſubſtance is laid up in little round 
lumps; at the ſame time, that in the interſtices 
of theſe lumps, they run into one another with- 
out any apparent order. 

On one ſide of the gullet, there lay a very 
delicate and ſmall tube, ſtretching to the jaws, 
and the horny bones conſtituting the palate and 
mouth ; but I have not as yet been able to trace 
this tube perfectly to its origin. I found that it 
divided itſelf, in the breaſt, into two ſmall chan- 
nels, each of which widened again into an ob- 
long globular bladder, Fig. v. f, and then be- 

came 
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came again contracted into a narrow tube, which 
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Whatever is a ſenſible object, muſt lie within the 


reaſſumed once again the form of a bladder, beau · ſphere”of the ſenſes; but our ſenſes are coarſe, 


tifully adorned with a great number of pulmo- 
nary tubes running over the whole ſurface, 1 u. 
Some particles of fat very regularly placed, and 
moſt curiouſly contrived, ſurrounded one fide of 
theſe glandular veſſels, x x, and underneath, ex- 
tended into a kind of blind or cloſed appendages, 
5, ſuch as I had never obſerved: before in the 
fat of any creature. —_ | 
Nor can I tell the uſe of the particles laſt de- 
ſcribed, though I have reaſon to think they 

form the office of ſalival glands and ducts. For, 
as the Mite ſpins no web, and theſe baggs are 
doſed behind, I do not think any other ſervice 
can be fo properly attributed to them. | 
The pulmonary tubes, which are diſtributed 
through all the parts we have been ſurveying, 
are conſtructed in the Mite after the ſame man- 
ner as they are in other inſects. That great 
anatomiſt Malpighi, has given an inſtance of 
this in his account of Silkworms ; and I have, 
myſelf, frequently done the like in this work. 
But the rings compoſing theſe tubes, are not fo 
very numerous; for which reaſon, they are of a 
more membranaceous and flexible ſtructure. 

The motion of theſe pulmonary tubes is ſeen 
very evidently through the ſkin, on examining 
with a microſcope the Mite, held on the point 
of a pin run through its head; for, as the inſet 
in this condition turns and twiſts itfelf a great 
many ways, the pulmonary tubes aſſume, in con- 
ſequence of its motions, a variety of appearances, 
Sometimes they are ſtretched out to their length, 
at other times they are bent in a ſerpentine man- 
ner, or coiled up in form of a circle; but not- 
withſtanding ſo many diſtortions, the rings com- 
poſing them always retain their form, and never 
collapſe. Thus has the Omnipotent Architect 
given us the ſpecimen of a tube, fo perfectly 
flexible, that the moſt violent contortions cannot 
do it the leaſt injury. | 

The brain is fituated in the neck, near the 
horny bones, that form the mouth and palate of 
the inſet. This ſituation of the brain makes 
it fall lower in the neck, on the Worm's pull- 
ing its feet into its mouth ; and, on the contrary, 
it is drawn forward, as often as that creature 
thruſts out its ſnout : this is very much the caſe 
alſo in Snails. What atheiſt is there, who would 
not be confounded and ſtruck dumb, on examin- 
ing attentively the wonderful contrivance in the 
viſcera of animals? For my part, I dare challenge 
mankind to deſcribe properly the ſmalleſt por- 
tion of the meaneſt creature that crawls upon the 
earth. Whoever ſhould undertake ſo bold a 
taſk, would loſe his eyes in the attempt. For, 
there is no doubt but any one, who, in this vale 
of tears and ignorance, ſhould fully and imme- 
diately behold the divine ſun of theſe truths, 
which God has treaſured up in his creatures, 
would forfeit fight for his preſumption, Such 
has been the unhappy, though deſerved fate of 
all thoſe, who have attempted to diſprove and 
overturn by human reaſonings, and ſenſible ex- 
periments, the divinity of the Creator, ſo clearly 
ſhining forth in the whole nature of things, 


and cannot of themſelves teach ns any truth, un- 
leſs prior ideas of it have been impreſſed upon 
us by him, from whom we derive our exiſtence. 
This, father Malabranche has moſt inconteſtably 
proved in his inquiry after truth. | 

Ihe brain in the Mite conſiſts of two glo- 
bular parts, which in a manner conſtitutes its 
right and left portions, Tab. XLIII. Fig. vir. 
na. Near the brain is ſituated the beginning 
of the ſpinal marrow, which in this place is 
always 3 ſo as to give a paſſage to the 

Het. From the fore region of the brain 

ere iſſue ſome conſiderable nerves, which 
dilate a little, at the «diſtance of half their 
length from their origin, 55. But this parti- 
cular is not obſervable in every Mite. Theſe 
nerves at length ſwell into two diſtinct and 
very conſpicuous nodules, c, from which ariſe 
two ſmaller and very delicate nerves, 4d. 1 
could not trace theſe far enough to know what 
parts they run to: I believe it is to the muſcu- 
lar parts of the mouth, palate, and feet. Next 
under the brain, and from the beginning of 
the ſpinal marrow, there ariſe two pair of very 
flender nerves, ee, which adminiſter to the 
viſcera in the abdomen, and to the muſcles 
moving the rings of the body. Under theſe 
appear two confiderable nerves, which, after 
dilating into two oblong globes, FF, cloſe again, 
and then form two other globes, ſmaller than 
the former ; from which there ariſe again two 
nerves: but what theſe nerves are, or what 
purpoſes they ſerve in this inſect, I cannot tell. 
I believe, indeed, they exiſt uſeleſsly in the 
Worm, and are to work the muſcles of the 
wings, when it becomes a Fly. From each 
fide of the ſpinal marrow there iſſue a great 
many other delicate and ſmall nerves, gg, 
which are all diſtributed to the inner parts of 
the creature, and to the muſcles of its body ; 
and many of theſe nerves ſubdivide into vari- 
ous ramifications, hh h. 

The ſpinal marrow will appear very ſhort, if 
we compare its length with that of the entire 
inſect; and the fame may be ſaid of the body 
of the Fly into which the Mite turns. It is 
therefore neceſſary, that the nerves, which are 
extended to ſo great a length, ſhould contract 
themſelves, and become ſhorter, at the time 
that the Worm begins to change to a Nymph. 
In animals, whoſe blood is of a red colour, 
ſuch as Dogs and Calves, I have often obſerved, 
that the nerves ſhrink up, as Serpents do, into 
rings, or like a ſpiral, as often as the part to 
which they are fixed undergoes any contrac- 
tion: and this is chiefly obſervable in the nerves 
of the meſentery; whereas in the Worm now 
before us, the nerves are in every part equally 
contracted. This likewiſe happens in the Coſ- 
ſus, or Worm of the Beetle, where this con- 
traction affords a very uncommon and very en- 
tertaining ſight. 

The ſpinal marrow of the Mite conſiſts of 
twelve diviſions, or, as it were, nodular ſec- 
tions. Theſe, however, are ſcarce diſcernible, 

on 
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on account of their ſmallneſs, being no larger 
than grains of ſand. This part is inveſted with 
a moſt delicate coat, through which are ſpread 
a great many pulmonary tubes: it is beſides 
covered with particles of fat, which I have en- 
deavoured to repreſent by dots on the figure of 
the marrow. All the nerves iſſuing from the 
ſpinal marrow are covered with a continuation 
of the ſame coat, which inveſts. the marrow 
itſelf; and they are likewiſe furniſhed with 
pulmonary tubes, which accompany them in 
their moſt delicate ramifications. | 

The ſpinal marrow, viewed ſideways, has 
quite a different appearance from that which 
the figure here given of it repreſents ; for, on 
looking at it in this manner, it appears ſituated 
lower than the brain, Tab. XLIII. Fig. viii. a, 
and looks ſomewhat crooked, 6. This form, 
I am inclined to think, was purpoſely contrived 
to allow a freer paſſage to the 'gullet, where 
it runs down, like an inteſtine, from the jaws 
to the ingluvies, or ſwallow. This is the rea- 
ſon why the brain is placed above the gullet, 
and the gullet, together with the ſtomach, reſts 
upon the ſpinal marrow, and its nervous rami- 
fications : ſo that, properly ſpeaking, the ſpinal 
marrow reſts upon the muſcles of the rings of 
the body in the under part, and 1s cuſhioned 
up with particles of fat on every fide. 

The conſtruction of the muſcles, which in 
this inſet move the rings of the body, is very 
ſingular and ſurpriſing. I diſcovered three dif- 
ferent kinds of them, without examining far- 
ther than the foremoſt part of the thorax ; ſome 
deſcending obliquely with two bellies, Tab. 
XLIII. Fig. Ix. aaa; ſome broad ones run 
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croſſways, 6b; and others again aſcend oblique- 
ly, cc. All: theſe muſcles are fo elegs 

ſituated, that the greateſt adepts in deſigning 
and painting, I am certain, muſt-confeſs their 
inability, were they to go about repreſenting 
them as they deſerve to be figured. To exhi- 
bit exactly every thing worthy of notice con- 
tained in theſe parts, we ſhould be obliged to 


make uſe of figures twenty times latger than 


theſe now before us. And, after all, the muſ- 
cles which I have called the obliquely deſcend- 
ing, and which have two bellies, . do not, pro- 
perly ſpeaking, deſerve that name; for they 
appear to have five tendons,” of which one is 
inſerted into the muſcle that lies next to it, and 
the other four into the tough rings of the body, 
which they ſerve to move, as I have endea- 
voured to repreſent, if the unſpeakable magni- 
ficence of God's works can at all be repre- 
ſented by human art. An infinite number of 
pulmonary tubes are diſtributed all over theſe 
muſcles; but, as yet, I have not been able to 
diſcover in them any inſertions of the ner ves: 
ſo that I muſt, in this point, own myſelf as 
much at a loſs, as I have upon many other oc- 
caſions. n 10 

As to the heart, which ſends the white or 
aqueous blood of this little creature, in a due 
circulation, through the body, I could by no 
means diſcover it; and this I attribute to its 
ſmallneſs, and to its being of a thin and deli- 
cate ſtructure. But I am perſuaded, that it 
lies in the upper part of the back, like that of 
Silkworms ; for I could plainly diſcern pulſa- 
tions in that part. 


An account of the manner in which Mites get into cheeſe, and cauſe it to rot, in- 


ſtead of being cauſed by or formed themſelves out of rottenneſs; with many other 


uncommon obſervations. 


HE parts I have hitherto mentioned and 

deſcribed, are all I have been as yet able 
to diſcover in this minute inſect. And now let 
the ſharpeſt geniuſes, and men of greateſt pe- 
netration and learning, judge if a creature, in 
the fabrick of which there plainly appears fo 
much art, order, contrivance, and wiſdom ; 
nay, in which is ſeen the hand itſelf of the 
Omnipotent God; could poſſibly be the pro- 
duction of chance or rottenneſs! Is not the 
light of human underſtanding alone, unaſſiſted 
by divine revelation, ſuthcient to convince us, 
that it cannot be ſo? Certainly it is ſufficient. 
The illuſtrious Redi as evidently proves, that 
this ſyſtem of the production of animals from 
putrefaction, aſſiſted, as they would have it, 
by heat and moiſture, is a mere idle imagina- 
tion, founded on the erroneous maxims of 
heathen philoſophers, unacquainted with any 
ſuperior origin of exiſtence. 


That ingenious naturaliſt moſt accurately 
explains in what manner Mites proceed from 
Flies, which have depoſited their eggs in the 
cracks and holes of cheeſes “: and I can add to 
his account, that the body of theſe Flies ter- 
minates in ſo fine a point, that they are able to 
thruſt it into, and penetrate very deep in, the 
ſmalleſt openings. I cannot but alſo take no- 
tice, that the rottenneſs of cheeſe is really oc- 
caſioned by theſe Worms; for they crumble 
the ſubſtance of it into ſmall particles, and 
void their excrements in it, and foul it with 
their ſaliva, or the moiſture of their mouths ; 
ſo that the ſmalleſt ſpot of rottenneſs, produced 
by theſe inſects, cannot but immediately ſpread 
itſelf, I once obſerved a cheeſe, which I had 
purpoſely expoſed to this kind of Flies, in order 
that they ſhould lay their eggs in it, grow moiſt 
in a ſhort time, in thoſe parts of it where theſe 
eggs had been depoſited, and had afterwards 


. This ſpecies of Maggot, though altogether different from what we call the Mite, is not uncommon in large cheeſes, particu- 
larly in ſuch as have not been well made, and have fermented. In ſuch cheeſe, where it is moderately ſoft and damp near the ſur- 
face, theſe Mag gots are frequent; and if they fall off, on being diſturbed, they will leap about, upon a diſh or table, in a ſurpriſing 


manner. 


been 
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been hatched into Worms, though before the 
cheeſe was perfectly ſound and entire. I have 
likewiſe obſerved, that this putrefaction in 
cheeſe is conſiderably augmented by the car- 
caſes of the Worms that happen to die in it; 
for there always die ſome of them: and it is 
impoſſible there ſhould not, as it is a certain 
death to them not to be able to harden into 
Nymphs, and all of them cannot eſcape out 
of the moiſt part of cheeſe to a drier ſituation, 
which is neceſſary to ſuch a change. Further, 
I have obſerved, that ſome of theſe Worms 
contained other Worms within their bodies, 
but ſo minute as to be ſcarce diſcernible. But, 
on extracting theſe ſmaller Worms from their 

aces, I found they were almoſt of the ſame 
form with the larger Worms, though they move 
themſelves from place to place in quite a dif- 
ferent manner. I could even diſcover, in the 
tranſparent bodies of theſe ſmaller Worms, 
that, by examining with the microſcope, not- 
withſtanding their almoſt incredible miuteneſs, 
they were furniſhed with pulmonary tubes, and 
other parts in common with the greater, 

It is certainly very difficult to explain in 
what manner Worms are bred in living ani- 
mals; as, for inſtance, in the livers of Oxen, 
in the kidneys of Dogs, and even in the blood- 
veſſels, as is obſerved by that celebrated ana- 
tomiſt and profeſſor of ſurgery at Amſterdam, 
Ruyſch. For my part, I freely own, that I 
want ſufficient experiments to form any ſolu- 
tion of this ſurpriſing phenomenon ; though I 
have met with great numbers of different kinds 
of Worms, in the living and healthy bodies 
both of land and water animals, and even of 
fowls and flying inſets. However, on this 
occaſion, I cannot as yet advance any thing 
certain, or ſatisfactory. . 

I muſt not omit a circumſtance which I 
heard from Otto Marſilius, the late famous 

ainter of flowers and inſets. It was this, 
that he had ſeen, at the time when Caterpillars 
were buſy in diveſting themſelves of their {kins, 
or when they had juſt performed the operation, 
and were grown faint and weak with the fa- 
tigue of it, a great many Flies, ſome bigger 
and others leſs, piercing the bodies of ſuch 
Caterpillars, and depoſiting in the wounds, ſo 
made, quantities of little eggs; from which 
proceeded the Worms, that are every year ſo 
commonly found in Caterpillars. As yet, I 
muſt own, I never ſaw myſelf this ſtran 
operation : but allowing it to be fact, it would 
perhaps greatly help us in explaining the ge- 
neration of Worms found in the viſcera; or 
bowels, of larger animals; provided eſpecially 
ſuch Worms were found afterwards to turn to 
Flies, or other winged inſects, which as yet I 
have not been able to determine experimental- 
ly, notwithſtanding the pains and attention I 


have beſtowed on the obſervations of changes 
in this kind. Admitting Marſilius's account 
to be true, and that ſome of the perforations 
he obſerved were made into veins and arteries, 
and eggs were depoſited in ſuch perforations, 
there can be no diffioulty in conceiving how 
the circulating blood might have diſperſed 
theſe ſeeds of animals all over the body. It 


muſt however be owned, after all, that theſe 


things are as yet buried in a cloud of darkneſs, 
which obſcurity, nothing but the brighteſt light 
of experiments can ever diſpel. In the mean 
time, we may ſee, by the manner in which we 
are affected by the ſtinging oſ a Bee, how an 
animal, without getting into our bodies, may 
convey a matter into it, capable of producing 
great alterations; for the Bee, at the ſame time 
that it gives the wound, inſinuates by it into 
the body a drop of poiſon. This is not a place 
for „ how eggs come to be found in 
the ſubſtance of plants; beſides, that I have 
already ſufficiently treated of that ſubject. 

As to the opinion of ſome people, that the 
Worms found in our inteſtines proceed from 
the eggs of animals which we have ſwallowed, 
it only deſerves contempt, being altogether 
contrary to ſound reaſon ; unleſs the favourers 
of that ſyſtem would at the ſame time allow, 
that the eggs ſo ſwallowed are thoſe of Worms 
bred in the inteſtines of other animals. This 
opinion cannot by any other means be admit- 
ted, as it is quite inconſiſtent with the nature of 
things, that an animal ſhould live for any time 
in a ſituation ſo different from that in which it 
naturally ſhould live, and on ſo different a food. 
Beſides, for this to be true, it is requiſite that 
ſuch Worms, intended for living in other 
places, ſhould alſo be able to endure the heat 


of the inteſtines, and of the fluids paſſing thro' 


them. A thing which no man in his ſenſes 
can admit. 

The generation of animals, - or the laying 
and hatching of their eggs, is by no means a 
thing which requires little care or attention. 
Every creature has its own ſeaſon, its own 
haunts and element, its own manner of living, 
and its own food. Every year we obſerve the 
ſame renewals of the ſeveral ſpecies, per- 
formed in a manner limited by a conſtant and 
inviolable law and order. of Nature; as the 
illuſtrious Redi, before mentioned, has, on an- 
other occaſion, likewiſe obſerved. For this 
reaſon we always ſee, that Worms of the ſame 
kind, found in the inteſtines of animals, have 
conſtantly their blood of the ſame colour, be i 
red, yellow, green, or white. | 

In regard to Caterpillars, indeed, I have ob- 
ſerved four different ways in which Worms lie 
hid within their bodies, and afterwards creep 
out of them . The firſt is, when one or 
more Worms make their way into the Catet- 


The caſe in thoſe Flies, which we ſee hatched out of Chryſalis's, from which we expected Butterflies, is exactly the ſame with 
thoſe produced from galls, and the other excreſcences of * The parent Fly is guided by inftin to lodge her eggs in 


the body of the Caterpillar, piercing its ſkin, for that purpo 


e, with a ſharp inſtrument at its tail. I have ſeen the operation; and 


the miſery of the Caterpillar, which can no way eſcape from its winged enemy, is terrible. All the variation in number of the 
young, and other accidents, is owing to the different ſpecies of the Flies, | 
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70 
pillar, kill it by their corroding, and afterwards 


make their way out again through, the ſkin. 


The ſecond way is, when two or three Worms 
lay hold of a Chryſalis, and, after: killing the 
encloſed animal, eſcape in the ſame manner. 
In the third way, the Worms, after depriving 
the Caterpillar of life and motion, eat-up all 
its inſide; and, this done, they bore or _ 
themſelves holes to creep out at in its hardened 
ſkin. Fourthly, when one or many Worms 
treat a Chryſalis in the ſame manner exactly, 
in which the Caterpillar is treated in the third 
way. 
There are ſeveral other things to be conſi- 
dered in this place. Firſt, when the Cater- 
pillar happens to be killed by a ſingle Worm, 
which afterwards fixes its reſidence between 
that creature's body and its web, then the 
Worm ſpins itſelf another white oval web, in 
which it changes to a Nymph, and afterwards 
to a Fly. But if the Caterpillar is deſtroyed, 
and perforated by a number of Worms, then 
theſe Worms ſettle themſelves under the. belly 
of the dead Caterpillar ; where each of them 
makes itſelf a gold-coloured web, in which 
they caſt their ſkins, then become Nymphs, 
and at laſt aſſume the form of Flies. 

Secondly, when two or three Worms eat 
into a Chryſalis, and afterwards creep out of 
it, they do not, immediately after ſo doing, caſt 
their ſkins, but only contract their bodies: and 
while they are in this ſtate, they aſſume, in an 
orderly manner, and with a conſtant regular 
ſucceſſion, thirteen different colours; the laſt 
of which, alone, they finally retain. At laſt, 
they turn to Nymphs within their old ſkins, 
nf then to two or three common Flies. 

Thirdly, the Worm which ſingly takes poſ- 
ſeſſion of a Caterpillar, and, after having eat 
up all its inſide, remains within the ſkin; 
ſometimes makes itſelf a web within this ſkin, 
and then becomes a Nymph, and at laſt changes 
to a Fly like the baſtard Waſp, Pſeudo-ſpheca, 
or Ichneumon-fly. In this caſe, we always 
find ſome excrements within the Caterpillar's 
ſkin; as likewiſe the two ſkins which the en- 
cloſed Worm has ſeverally thrown off, on turn- 
ing to a Nymph, and then to a Fly. But the 
minute Worms, which remain in the Caterpil- 
lar they have deſtroyed, make no web in it; 
though they grow to Flies, in the ſame manner 
with the Worms producing that kind of baſtard 
Waſp juſt ſpoke of, and then gnaw themſelves 
holes to make their eſcape. 

In the fourth place, the Worm, which re- 
mains ſingly in a Chryſalis, makes alſo a web 
within it, voids its excrements there, and then 
changes to a kind of baſtard Waſp, in the 
{ame manner with the Worm juſt now men- 
tioned, as living ſingly within a Caterpillar. 
If you open the ſide of this emptied Chryſalis, 
before the encloſed Worm changes to aNymph, 
it immediately ſpins a patch againſt the broken 
part. But when many Worms are placed to- 
gether in a Chryſalis, they neither make them- 
ſelves webs, nor do they even contract them- 
ſelves, but only change to a great number of 
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ſmall Nymphs, which afterwards turn to as 
many Flies. Theſe Flies, which are of a moſt 
elegant ſtructure, ſometimes gnaw themſelves 
one, and ſometimes more holes, for their 
eſcape, in the dried ſkin of the Chryſalis. 

All theſe things proceed every year in ſo 
conſtant, certain, and regular a manner, that 
no accident whatſoever can alter the courſe of 
the operation. One very ſingular inſtance of 
this unchangeable order in nature, is, that even 
the Caterpillars and Chryſallides, which are to 
become the ſcenes of the laſt mentioned 
changes, may be eaſily diſtinguiſhed from the 
other inſects of the ſame kind. In the firſt 
mode of theſe mutations, when the Worms, 
which have lodged, many together, in a Cater- 
pillar, place themſelves under its belly, the 
Caterpillar raiſes that part, to make way for 
them; and though, by this time, it has re- 
ceived its death's wound from thoſe cruel in- 
vaders, it notwithſtanding, with the greateſt 
care and attention, encloſes and connects all 
their particular webs, within one of its own 
ſpinning, for fear they ſhould be ſcattered 
abroad and loſt, and after this expires. 

From hence we may reaſonably conclude, 
that if the Worms had thus lodged in the Ca- 
terpillar, and killed it, merely by accident, in- 
ſtead of doing both, in conſequence of an im- 
mutable decree of the All-governing Power, 
the Caterpillar, when it found itſelf ſo roughly 
treated by them, would by no means take this 
regular care to ſecure them from rain and 
winds, and thereby inſure the renewal of that 
particular ſpecies of inſets; for they generally 
turn to Flies the year following. . | 

The ſame order is obſervable in all the 
other perforations, deſtructions, and excava- 
tions of Caterpillars and Chryſallides, which 1 
have already taken notice of, ſo that we can 
only aſcribe to our own raſhneſs and ignorance 
that erroneous notion, of putrefaction bein 
able to perform wonders worthy of the Deity, 
and to which the power of the Deity alone 
can be rationally deemed equal. It is there- 
tore in the higheſt degree ſurpriſing, that all 
mankind, the learned as well as the ignorant, 
ſhould have ſo readily adopted, and fo long 
entertained, fo groſs an error; eſpecially as the 
leaſt degree of reflexion muſt have convinced 
them, it aroſe from prejudice ; at the ſame time 
that the ſmalleſt diligence, in examining the 
works of Nature in themſelves, would have put 
them in the way of obtaining more juſt ideas 
on this ſubject. | 

Let us then be wiſer than thoſe who have 
gone before us, and accurately ſurvey and exa- 
mine the ſenſible wonders of the Deity, with 
all their conditions and circumſtances, if we 
intend to obtain a true and ſolid knowledge of 
them. Let us not ſervilely ſubmit our judg- 
ments to the doctrine of Ariſtotle, and the reſt 
of the heathen philoſophers, who aſcribe to 
putrefaction, works that contain viſible marks 
of an all- perfect Contriver and Maker; tho' 
at the ſame time we are, as men, convinced 
by daily experience, and, as chriſtians, are 


1 taught 


taupht to believe, that all the ahings we ſec 
are liable to decay and deſtruction. God's 
power and wiſdom is not to be feparated from 


juſtice, fince, according to the unerring te(- 


timony of his holy ſpirit, he has entered into 
2 covenant with his creatures; and theſe, un- 
der their corruption, groan and figh after 
liberty. 

That vulgar opinion, more worthy of brutes 
than of rational beings, which aſcribes the 
birth and growth of animals to putrefaction 
and chance, is diametrically oppoſite to ſound 
reaſon, and favours rankly of atheiſm. It has 
not even the leaſt ſhadow of experiment or 
obſervation to ſupport its truth ; but is founded 
altogether upon ſloth, prejudice, ſtupidity, and 
error; all which is the more obvious, as in the 
ſmalleſt animals we conſtantly every where find 
as much order, contrivance, beauty, wiſdom, 
and omnipotence in the Great Architect, as are 
ſhewn in the viſcera or bowels of the largeſt 
animals. For to theſe greater animals all 
others, however contemptibly minute, if their 
minuteneſs can make them contemptible, are 
ſimilar in the great reſpects of brain, nerves, 
muſcles, heart, ſtomach, inteſtines, and parts 
ſubſervient to generation, and to every other 
uſeful purpoſe; ſo that one might in a manner 
affirm, that God has created but one animal, 
though divided into an infinite number of kinds 
or ſpecies, differing from each other in the 


figures and inflexions, and extenſions of their 


limbs; as likewiſe in their diſpoſitions, food, 


and manner of living. | 
As Caterpillars, which turn to Butterflies, 
often contain in them Worms which change 


The manner in which Mites 


HESE Mites, when they are about to 
become Nymphs, generally deſert the 
cheeſe in which they had hitherto lived, by 
leaping up and down, till they find, if poſſible, 
a more favourable ſituation. In three or four 
days after this they looſe all motion, grow ſtiff, 
and harden. I have remarked alſo, that the 
change of theſe Worms may be forwarded by 
encloſing them, when well grown, in a dry 
box, without any thing to feed upon. In try- 
ing this experiment I have obſerved, that ſome 
ſmaller Mites remained alive in this confine- 
ment, without any food, for two or three weeks 
together ; when they at length died, without 
turning to Nymphs; the embryo member hid 
under their {kin not having attained the growth 
and firmneſs requiſite for that ſtate, which is 
obtained by the reſt in the following manner. 
Firſt, the Mite draws up together the rings 
of its body, ſo as to make the interſtices appear 
full of wrinkles; and this contraction is ſo 
great, that the Worm becomes twice as ſhort 
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to common Flies; ſo the Worms, which change 
to Beetles, very often contain in their viſcera 
alſo certain Worms, that turn to Beetles of a 
ſmaller kind: and, in theſe changes, Nature 
obſerves the ſame conſtant order and method, 
as in the firſt. From hence I again conclude, 
that nothing is produced by putrefaction; but 
that the bulineſs of generation unalterably pro- 
ceeds in a certain and regular manner. And 
certainly, if our little philoſophers would atten- 
tively examine what is the nature of putrefac- 
tion, when it breaks out in an animal, or in 
any part of one, which thereby rots, and is 
reſolved into its conſtituent principles; and 
would withal conſider that ſpecies of putrefac- 
tion which Worms occaſion, and which they 
cannot but occaſion, in other bodies, or in ſome 
parts of their own; they would ſoon free them- 
ſelves from the yoke of ſo abſurd and laviſh 
an opinion. 

As yet, I cannot by any obſervation deter- 
mine, whether the Mites, which are found to 
contain other Worms, are perforated by them, 
while they remain in the cheeſe, or after they 
forſake it, and turn to Nymphs. It is only 
within theſe fix or ſeven weeks, that I have 
made the experiments concerning theſe inſects, 
which I have juſt now related, having never 
expreſly examined them before that time. 
However, in this time I could diſcover in the 
cheeſe a great number of dead and rotten 
Worms, of a red, purple, and livid colour, 
whoſe carcaſes not a little contributed to in- 
creaſe the ſtench and putrefaction of the cheeſe 
in which they lay, and likewiſe the acrid and 
peculiar taſte found in ſuch parts. 


are changed into Nymphs *, 


as it was before, Tab. XLIII. Fig. x. This 
alſo renders the rings leſs diſcernible: however, 
the fore part of the head, Fig. x1. a, may be 
ſtill diſtinctly perceived, as well as the tuber- 
cules, &, at the other extremity of the body. 
As to the form of the little animal at this pe- 


riod, it ſcarce affords any thing worth particu- 


lar mention; for the ſkin loſes its tranſparency. 
In this ſtate the Worm gradually changes its 
colour, till from white it becomes red, and in 
the end reſembles pure red lead. 

The moſt experienced naturaliſt ſignior Redi, 
who has favoured the world with a ſhort hiſtory 
of the Mite, tells us, that its mutation agrees in 
nothing with that of Chryſallides, and other 
Nymphs, but he does not acquaint us wherein 
they really differ. Other authors conſider Mites 
at this period as eggs, though they have no other 
reaſon for thinking ſo, than a bare ſuppoſed re- 
ſemblance. This indeed, is ſo far from being even 
a ſuperficial one, in proper terms, that it can only 
be found in their own extravagant imaginations, 


Let the reader be cautious not to extend what is here ſaid of the Nymph, of the Mite, and its change into a Fly, to the common 


little inſect, uſually called a Mite by us; that is, an inſect which is hatched perfect from the eg 


of its parent, and undergoes no 


change, but only grows larger. This ſtate of change belongs to the offspring of all winged inſects, and to no others. Therefore 


it is 
not. 


„ according to the univerſal law of Nature, that this Maggot ſhould undergo ſuch a change, and that the Mite ſhould 
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72 | 
They pretend to ſee things, which never exiſted, 
and they well deſerve to be compared to thoſe 
perſons, who, ſometimes, with equal truth, think 
they diſcoyer armies in the clouds, which were 
never formed but in their own diſturbed imagi- 
nations, | | 
For my part, I call this change, by the name 
of the Vermiform-Nymph ; becauſe, in this ſtate, 
the creature externally reſembles a Worm, and is 
at the fame time really a true Nymph, and not a 
Chryſalis, under the former Worm's ſkin, which 
it ſtill retains together with the internal figure of 
a Worm, And accordingly, the limbs of a latent 
Nymph, appear, in ſome meaſure through, to a 
careful examiner, this ſkin. But I have already 
ſufficiently explained this fourth order of muta- 
tions in its pou place, : 
The Nymph, thus concealed under the ſkin 
of the Mite, is of a moſt elegant form. But to 
have a diſtinct view of it, tis neceſſary to break 
this ſkin, and then trip it off from the Nymph. 
This muſt be done with great dexterity and cir- 
cumſpection. By this means, we at laſt obtain 
a ſight, and a beautiful one it is, of the head, 
thorax, and abdomen of the future Fly, as 1 
have repreſented them of their natural ſize, 
Tab. XLIII. Fig. x11. But to perceive them di- 
ſtinctly, we muſt uſe a microſcope; with the 
aſſiſtance of that uſeful inſtrument, we diſcern its 
two little horns, Fig. x111. a, growing out of the 
forepart of its head, and under them its two eyes, 
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bb, which take up the greateſt. part of the head. 
Under the eyes lies the. proboſcis. or trunk, c, 
with all its parts. Near the proboſcis appear the 
firſt pair of legs, 44 and under the frlt pair the 
ſecond, ee, diſpoſed in a very beautiful order. 
The rings neatly folded u 75 preſent them- 
ſelves next, and under them, we may ſee in 
what manner the hinder pair of legs, g g, lie 


ſtretched againſt the abdominal rings of the body, 


hb: theſe, with the extremity of the anus, ate 
very diſtinctly to be ſeen, In fine, all theſe 
parts are arranged.together, with ſo much arc 
and beauty, that it is impoſſible to give a juſt 
deſcription of them. They will be ſeen yet a 
great deal more diſtinctly, by diveſting the 
Nymph of the ſkin that immediately encloſes it. 

At firſt all theſe parts are of the colour of co- 
agulated milk, but as fluid as water, which makes 
it very difficult to ſeparate them ; nor can they, 
after all, be accurately diſtinguiſhed one from an- 
other, becauſe they are at this period, all of the 
ſame colour, In ten or twelve days, they ac- 
quire ſo much conſiſtency, and ſo much of their 
peculiar colouring, as to aſſume the form of a 
complete Fly, on throwing off the internal mem- 
branes that cover them, within the former 
Worm's ſkin, which they till retain for twelve 
days longer; when the new inſect, having ac- 
quired ſufficient ſtrength to appear abroad, breaks 
this external encloſure likewiſe, and launches 
into the air, in the following manner, 


The manner in which the Nymph of the Mite breaks from its membranes, and a/- 
ſumes the form of a Fly. 


F- HE firſt thing obſervabie in this change is, 
that the Vermiform-Nymph loſes its deep 
red colour, and grows much darker; then the 
Nymph itſelf breaks that part of the ſkin, which 
covers its head into two parts, Tab, XLIII. Fig. 
XV1. 4, &, and at the ſame time throws off from 
every part of its body a very flight membrane, 
which it leaves within the old ſkin, When this 
is done, there breaks out from under this ſkin, a 
little inſect like a gray Fly, without wings, but 
ſo nimble, that it runs immediately about as if 
it were ſeveral weeks old. 

Sometimes after this, the new born Fly rubs 
with its forefeet, that part of its head which lies 
immediately over its horns ; for, on this ſpot, 
there ariſes a conſiderable ſwelling, with a vio- 
lent pulſation in it. The Fly never gives over 
rubbing, till it has diſperſed the ſwelling, and 
made it entirely diſappear. *Tis probable, that 
it was in this part, the fore-legs lay while the in- 
ſect remained in the Nymph-ſtate. The next 
thing the Fly does, is to rub very gently with 
its hinder-legs, the ſurface of its two ſhort little 
wings, which are as yet folded up, till it tho- 
roughly expands, and diſplays them. This ope- 
ration may be very diſtinctly ſeen, and I have 
repreſented the great folds, Tab. XLIII. Fig. 
X111, f f, Which the inſect thus expands. The 
Fly, after this labour, takes a little reſt, remain- 
ing quiet until the wings fully diſplay themſelves, 


which is performed very ſuddenly, for their ve- 
ſicles are no other than ramifications of the wind- 
pipe, which run up and down through them; 
ſo that we may eaſily conceive how they may be 
ſo ſuddenly expanded by an injection of blood 
and air from the main trunk. The inſe&, how- 
ever, cannot as yet fly; its wings yield fome 
blood if they be wounded at this time ; whereas, 
when they are once perfectly dried, which is 
done in a quarter of an hour, it is impoſſible to 
obtain the leaſt drop of blood from them, even 
by cutting them off, the veſſels being in that 
time perfectly dried up and cloſed; for my part, 
I firmly believe that all the membranes of ani- 
mal bodies are no other than a kind of webs, 
conſiſting of veſſels conſolidated in this manner, 
as may be ſcen in the blood-veſlels of the epider- 
mis, which diy up as ſoon as the fœtus comes 
from the womb, and ceaſes to draw nouriſhment 
from that part of its covering. 

The Fly produced from the Mite is one of 
the common kind ; and it affords very few things 
worth our notice : this may be ſeen by the two 
figures, in which J have repreſented it of its na- 
tural ſize, Fig. xiv. The wings, when they lie 
on the body, extend beyond the extremity of it. 
I give alſo a figure of the male, after a drawing 
taken with the microſcope, in which the head, 
thorax, and abdomen are ſeen very diſtinctly. On 
the forepart of the head, there ariſe two ſhort 

horns 
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horns, Fig. xv. a, each with a ſtiff hair growing 
out of it, Near the horns N eyes, Which 
are red, pretty large, and of a reticular net-like 
form ; between the eyes, there ſtretches along the 
middle of the head, a black zone of prominent 
ſtreak, in which are placed three ſeparate and 
diſtin& eyes in the form of a triangle. Thele 
are much more diſcernible on the Fly's firſt ap- 
pearance in the air, than afterwards, as the ſtreak 
or zone juſt mentioned requires ſome time to 
grow black, and has, beſides, ſome hairs on it, 
which do not ere& themſelves, till, by drying, 
they become ſufficiently firm for that purpoſe. 

The thorax is covered with ſtiff hairs, of a 
brown colour, but of a poliſhed and ſhining ſur- 
face, like a looking-glaſs. From its lower = 
riſe fix legs: the Bf or fore-pait of them, 5 6, 
are almoſt black: in the ſecond = only, the 
joint near the breaſt is of this colour; and the 
other two extreme joints, cc, of a dark brown, 
The third pair, dd, very nearly reſemble the 
firſt: but theſe colours are not exactly the ſame 
in all the Flies of this ſpecies. All theſe legs are 
covered with ſtiff hairs, and are each of them 
armed at their extremities with two claws, by 
means of which the inſect runs very nimbly 
upon glaſs, by datting them into the pores of it, 
not but that it can walk very well when thoſe 


nails are cut off; but then, though its feet are 
moiſt, it cannot hang itſelf to fo ſtovth a ſura 
face, ' The wings are two; they are of n beaus 
tiful conſtriiRion, and ariſe from the ſlope of the 
breaſt, "ee; they are bordered with fine hairs; 
and the fllainents which run through them like 
ſo many little nerves, are no other than ramifi 
cations of pulmonary tubes. The membrane 
which fills up the ſpaces betiyeen theſe ramificas 
tions, is likewiſe elegantly conſtructed: it is co- 
vered with little prominent papillz, but a draw- 
ing ten times larger than this, would hardly be 
ſufficient to do juſtice to this and other wonders, 
diſcoverable in the wings of flying inſects. The 
hinder part of the thorax is, by way of orna- 
ment, ſurrounded with a little prominent bor- 
der; near which appear two very ſmall oblong 
particles, with round heads, reſembling mallets 
ot hammers: it is by ſtriking theſe little hammers 
againſt its wings, that the Fly makes the hum- 
wer” he buzzing noife that is peculiar to it *. 

The body conſiſts of ſeven rings; it is covered 
with delicate hairs, /, and is of the ſame re- 
ſplendent dark brown colour with the thorax. 

The female differs from the male externally, 
in nothing but ſize: but the genital parts of the 
two ſexes are very different, as I ſhall now en- 
deavour to demonſtrate. 


of the genital parts of the male and female N. re- Ny, and the manner of their 
| | coupling. 


T* E Mite has a penis, two teſticles, ſeminal 
veſſels, and proſtate; and the female its 
ovary, its womb, and the parts naturally be · 
longing to it. The penis of the Mite is fo art- 
fully contrived, that the ſeven wonders of the 
world together, cannot compare with it; nor is 
it ſurpriſing they ſhould not, they being the 
works of men, whereas this little organ is the 
conſtruction of an Almighty and all-ſeeing Ar- 
chitect. It is partly membranaceous, and partly 
of a ſubſtance between bone and horn; the 
length, and inflexions of it alſo, are ſo uncom- 
mon, that it is impoſſible to conſider it, without 
being loſt in aſtoniſhment. _ 

- That part of the penis, which conſiſts of a 
ſubſtance between bone and horn, is black, and 
extends only along one fide of it, Tab. XLIII. 
Fig. xVII. 4; but this is enough te give the 
penis great ſtrength and firmneſs, and to keep it 
always open, in readineſs to perform its duty, 
The other fide of the penis is membranaceous, 6, 
and conſiſts of many tranſparent rings and glo- 
bules. The fore- end of the penis is alſo mem- 
branaceous and obtuſe, c, though I have ſome- 
times ſeen it pointed with ſomething like an ar- 
ticulation at its extremity. It generally, how- 
ever, appears blunt and open. I cannot tell whe- 
ther or no the penis can erect itſelf through this 
opening ; but I know of a certainty, that the 
vulva of the female paſſes into the ſaid opening, ſo 


as to form a kind of copulation, quite different 
from that of other animals, in which the penis 
is received into the female external organ of ge- 
neration. It was by meer accident that I diſ- 
covered this ſingularity in the copulation of the 
Mite-Flies : on examining a female, which had 
died for want of food, in the very act of copu- 
lation, I found the penis of the Mite withered 
round the vulva of the female, where it had 


been applied; but was then fo looſely engaged, 


that I eaſily ſeparated them. : 

The penis lies on the outſide of the body, and 
is very eaſily diſcerned, as it extends along the 
body, with only its right fide covered by the laſt 
ring. It is elegantly coiled up, and reſembles 
very much the penis of Drakes, which is like- 
wiſe folded up in the fame manner, This bird, 
it ſeems, does not ejaculate its ſeed through any 
perforation within the penis, but by a furrow or 
channel on its outſide, This I have likewiſe 
found to be nearly the caſe in ſome other ani- 
mals. 

The other parts of the male Fly ſubſetvient 
to generation, are likewiſe very well worth our 
attention, but they lie hid within the body. The 
firſt that offers itfelf to our conſideration, is the 


nervous root of the penis, d, which is of a very 


bright white, and reaches to the laſt ring of the 
inſect's body, where the external part of the 
penis is covered with very fine hair. This white 


* The French call theſe two parts Balanciers, Balancers ; and their ſyſtem is, that they aſſiſt in flying; and in ſome meaſure make 
amends for the want of another pair of wings. 'There Auf "mag in this opinion, becauſe all two winged Flies have them ; and 


none that have four wings. Theſe ſyſlems are not con 


Rory, for they may anſwer both theſe purpoſes. 
1 . 
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toot of the penis is bent in a very wonderful 
manner, and grows broader at its extremity, e, 
where it unites with ſeveral other parts, amongſt 
which the teſticles / deſerve our particular 
notice, on account of their ſingular figure and 
conſtruction. They are of a brown colour, 
variegated with red; but the ſperm contained in 
them is white, and that, as well as the coat of the 
teſticles, appears thro the microſcope, as if made 
up of ble globules. The vaſa differentia, g g, 
next preſent themſelves. Theſe veſſels widen 
conſiderably at a little diſtance from their union 
with the teſticles, and reſemble, as it were, the 
two globoſe appendages of theſe parts, 5 h. There 
is t little difference between the other parts, 


that I cannot diſtinguiſh them from one another, 


though I take the longeſt of them, as appears by 
my drawing, i i; for the ſeminal veſſels, and the 
others, which are more globoſe for the proſtate, 
E K. All theſe parts are of a delicate whiteneſs, 
and they convey a ſeminal matter of the ſame 
colour to the cavity of the penis. Theſe are all 
the parts I have examined in the male Fly, as it 
was the Worm alone, of which I propoſed to 
take a full and accurate ſurvey. 

The female, on the other hand, is furniſhed 
with a double ovary, conſtructed nearly in the 
ſame manner with that of Herrings. But I ſhall 
defer ſpeaking of theſe organs, till the external 

arts of the uterus are deſcribed. The female 
Fides its vulva, and the extremity of its uterus, 
under the two laſt rings of its body, Fig. xv111, 
aa, The vulva conſiſts of three joints, the 
firſt of which is oblong, and hairy at its extremi- 
ty, 46, and is furniſhed in the middle with two 
little black horny bones, which help greatly in the 
protruding of this organ out of the body. The 
ſecond joint lies entirely within the firſt, as within 
its prepuce. It is naked, or free from hairs, and 
it ends in a horny bone, cc. The laſt joint, 
which, properly ſpcaking, conſtitutes both the 
vulva and anus, is perfectly black, and is com- 
poſed of a horny bone, and a membranace- 
ous ſubſtance, with here and there a few hairs, 
d. Theſe parts of the Fly generally hang out 
of its body, on its quitting the Nymph-ſtate, in 
order that they may dry to a proper conſiſtency ; 
they then void a drop or two of a fluid, which 
looks like water mixed with chalk. The ex- 
crements afterwards, thrown out from theſe 

arts, look little balls with tails to them, and 
conſiſting of a ſubſtance that very much reſembles 

laiſter of Paris. 

In diſſecting this Fly, I found it contained 
an ovary divided into two. partitions, each con- 
ſiſting of thirty-two oviducts, with four eggs 
in each, one pretty large, Fig. x1x. a. and three 
imperfect ones h; ſo that the ovary of this ſin- 
gle little creature contained no leſs than 256 
egos. Theſe eggs were white, oblong, and 
crooked ; the colour of the ſmalleſt was wa- 
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tery. When viewed with, a microſcope, they 
ed to conſiſt, as it were, of little glo- 


1 es, and the oviducts ſhewed themifQves in 


the ſame manner. All theſe oviducts diſcharged 
their eggs into the uterus by two common paſ- 
ſages, and the uterus conveyed them out of 
body by a ſingle channel. I ſurveyed the 
viſcera, or entrails lying thereabouts, but very 
{lightly ; fo that I could only ſee that the fat 
that had exiſted in the Mite, was now almoſt 
totally waſted away, and that the inteſtines 
formed a great many more folds than they had 
formerly done, though they were grown con- 
ſiderably ſhorter, and lay now entirely on the 
abdomen. Nor were the eggs yet perfect, 


tho the Fly I diſſected was four days old. 


Flies are by nature of a very warm and luſt= 
ful conſtitution ; ſo that the female, imme- 
diately after its firſt appearance in this form, 
and before it has changed its gray colour, in- 
vites the male to copulation. In this act, which 
laſts for a conſiderable time, the male always 
gets upon the female; and in this ſituation he 
is Carried by her up and down like a man on 
horſeback. All this time the female keeps her 
wings expanded, and extending her vulva to 
that part of the male's body, where the penis 
lies, thruſts it into the cavity of this organ, 
which does not, upon this occaſion, ſuffer any 


erection. And this manner of copulation ob- 


tains in many other kinds of Flies, and likewiſe 
in ſome kinds of Hornets. It is very ſingular 
to obſerve how the male gently pats the fe- 
male during this operation with his body, and 
preſſes himſelf upon her juſt as a Cock does 
with the Hen, tho' the copulation of thoſe 
fowls is very ſpeedily performed, and that with- 
out any abſolute corporal conjunction. 

The Flies under our conſideration, are very 
ſtout and vigorous ; ſo that it is no eaſy matter 
to deſtroy themby drowning: after lying in the 
water a conſiderable time, ſo as to appear quite 
deſtitute of life and motion, they will imme- 
diately recover on being expoſed to the ſun, and 
fly off as briſkly as if nothing had happened to 
them. They have two mark of flying ; in 
the one their motion is ſlow and regular, and 
in the other it is rapid and diſorderly. I fed 
ſome of theſe Flies with new milk-cheeſe ſteep- 
ed in water, which they ſucked up thro' their 
trunk, or proboſcis. This uſeful and curious 
organ is placed on the lower part of the head, 
a little below the horns, or antennæ, and it con- 
fiſts of three hairy joints. I likewiſe had the 
pleaſure of ſeeing them lay their eggs in a 
piece of cheeſe, and I found in a few days af- 
terwards a number of Worms which had 
iprung from thoſe eggs, perfectly reſembling 
thoſe of the firſt brood that had produced the 
parent-fly, | 
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| the manner in which. theſe Flier lay their eggs; with an account of the thembranes 
+ 4 4 + they throw off on leaving the Nymph-ſate: 


T appears; at length clearly, by what I have 
I py ny Horn, we theſe inſects, how rea- 
dily the females can lay their eggs in the ſmall- 
eſt cracks of a cheeſe; and I have ſeen them 
myſelf thruſt out their tails for this purpoſe, 
to an 1 and by that method bury 
the eggs in the deepeſt cavities. Theſe eggs 
in time produce Wornis, which afterwards 
turn to Nymphs, and then to Flies: and this 
buſineſs conſtantly proceeds according to the 
immutable decrees of providence, in one uni- 
form circle'of production, without the leaſt va- 
riation in time or place, unleſs it be when the 
Flies cannot find cheeſe to receive their eggs, 
for then they look out for ſome other kind of 
food, as much reſembling cheeſe as poſſible, 
in its nature and qualities. Thus has this ſpe- 
cies of little creatures been kept up from the 
time of Adam to our days, thro' a ſucceſſion of 
many thouſand generations. 

After having made the obſervations already 
related, I thought -it worth my while to exa- 
mine the skin which is ſhed by this inſect, on 
its appearing abroad in the Fly-ſtate ; and up- 
on inſpection, I found that it contained a very 
delicate tranſparent membrane thrown off at 
the ſame time. In this membrane I could diſ- 
cern a great many of the pulmonary tubes 


which had likewiſe peeled off from the body; 


and what was ſtill more ſurpriſing, the ſnout of 


the Worm, with its teeth or claws, remained en- 
tirely with it. Theſe unſeemly organs, with 


which they heretofore uſed to crumble and take 


in their unſavoury food, and to run about and 


burrow in their putrified habitations, are no 
longer neceſſary in the Fly-ſtate. Theſe crea- 


tures have, inſtead of them, a trunk or pro- 
boſcis, by means of which they ſuck up the 
ſweeteſt Juices, and a pair of ſwift and beauti: 
ful wings, wherewith they ramble at pleaſure 
thro the untainted air, and raiſe themſelves 
far out of the reach of ſtench and putrefac# 
tion. 

J heartily wiſh you, illuſtrious friend, a ſimi- 
lar change and refurreCtion, of which that now 
we have been conſidering, ſeems to be an 
earneſt ; for I am firmly perſuaded; that by 
treading courageouſly to the end of this mor- 
tal life, in the footſteps of our Divine Maſter; 
we ſhall then change it for a better; and lay 
down this corrupt body, to which we are now 
confined, in order to aſſume a far more per- 
fect one. God, the giver of all good things; 
grant us this neceſſary perſeverance, thro' the 
infinite merits of his only Son; our Lord and 
Saviour. Amen. 


The End of the ſurpriſing biſtory of the Acarus, or Mite, and the Fly produced from it. 


The hiſtory of "the Worms found in the tubercles and fwellings of the leaves of 
1 the Willow. 


. 


long to my fourth order of changes, I 
e aſſigned there the pogo for all thoſe 
Nymphs which are found encloſed in fruits, 
tubercles of plants, trees, and their leaves ; I 
ſhall now propoſe ſome of thoſe Nymphs, by 
way of a particular example. In treating of 
the Worms found in the tubercles of Willow 
leaves, I ſhall deſcribe the Tubercle itſelf, the 
Egg, the Worm, its Web, the Nymph, and 
the Fly. | 
The warts or tubercles of the leaves of the 
Willow, Tab. XLIV. Fig. 1. are ſo obvious to 
the view, that there would be no neceſſity to 
deſcribe them, provided each of us had the 
ſame ardent deſire, and equal curioſity. But as 
all men are not delighted with the ſame thing, 
the moſt common Feds in nature ſometimes 
remain unknown, and affect the ignorant with 
a rapturous admiration. For this reaſon, I 
ſhall briefly, in this place, explain the con- 
ſtruction, figure, colour, ſituation, bigneſs, ten- 
derneſs, hardneſs, and ſmallneſs of theſe tu- 
bercles. 1 
That the eonſtruction of the ſeveral ſwell- 
ings that are obſerved in the leaves of the Wil- 
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A S in enumerating the Inſects which be- 
av 


low trees may be diſtinctly known, we muſt 
firſt conſider particularly the leaf itſelf on 
which they are found. The leaf of the com- 
mon Willow conſiſts of three coats ; the inter- 
nal as well as external, are very thin, and are 
ſet with light hairs, or a kind of down ; but 


the middle coat is nervous and fleſhy, if I may 


be allowed the expreſſion; ſince the nerves, 
or rather the veſſels which convey the nutri- 
tious juice to the leaf, are placed in that part. 
Theſe veſſels are, indeed, extremely numerous, 
and are divided into ſo many ſcarce viſible 
branches in this coat, that they may be pro- 
erly called the parenchyma, and compared to 
the fleſhy ſubſtances in the viſcera of animals: 
this may be ſeen moſt diſtinctly in thoſe kinds 
the leaves of whicli are thick and ſpungy. 
The outward coat, or external ſide of the 
leaf, I call that part wherein the nerves or 
ribs are prominent, Tab. XLIV. Fig. 1. a. be- 
yond the reſt of the ſurface : the external or 
outer coat, and the inner coat, or inward ſide, 
I call that part of the leaf which exhibits theſe 
nerves, not ſo diſtinctly conſpicuous 653. Be- 
tween theſe two coats the tubercles of the 
leaves, whercof we are treating, are mor 
an 
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and they are nothing elſe but the dilatation, 
or more remarkable, yet irregular excreſcences 
of the inmoſt and nervous part of the Willow 
leaf. Theſe tubercles, therefore, are properly 
compoſed of a collection of the very fine veſſels 
of the leaf, which, concteting together into a 
maſs, form an extuberant little knot; to which 
the two coats of each fide are ſo ſtrongly joined, 
that they cannot, but with difficulty, be ſepa- 
rated; nay even, theſe too are ſo much dilated 
by force of the tubercle, as to loſe their down 
or hairs in that part. 1 0 _ 
The external figure of theſe verrucz, or tu- 
bercles, is very irregular : they are ſometimes 
roundiſh or oval c, ſometimes oblong d, and 
they are wrinkled e, ſmooth, and of many other 
(3 Kev and forms. Their internal ſtructure 
conſiſts, as it were, of little grains, reſembling 
broken free-ſtone of a large grain, and is filled 
with ſmall chinks and corners, viſible only 
with a microſcope.* The outward ſurface is 
of a (ſometimes faint, and ſometimes full) green 
colour, and is variegated with purple,. red and 
yellow, all together or ſeverally : there are 
likewiſe ſome ruſty, ſmall and blackiſh ſpots 
obſerved in ſome of them, which are like marks 
of vermiculation 7. Theſe tubercles are with- 
in of a full green, and at the ſame time ſome- 
what yellowiſh here and there: this yellowneſs 
robably ariſes from hence, that the Worm 
8 conſumed the inward ſubſtance about 
thoſe places. 3 
Theſe warts occupy various parts of the 
leaf: they are ſometimes found g in the mid- 
dle region, adjacent to the nerve; they lie þ 
ſometimes near the extremityof the leaf; ſome- 
times they are on the nerve i; ſometimes more 


ſwollen or depreſſed, and again are ſituated at a 


greater or leſs diſtance from each other; and 
therefore nothing certain or regular can be de- 
termined, in this reſpect, about them. They 
are conſtantly extuberant beyond the ſurface of 
the two coats of the leaf: but in that ſide of 
the leaf where the nerves run, they common] 
project more than in the inward fide ; tho I 
have found ſome which roſe to an equal height 
on each fide &. I have likewiſe ſeen ſome 
which occupied the footſtalk of the leaf /; but 
theſe were fewer. 

There is great difference between the warts, 
in regard to bigneſs and ſmallneſs, and alſo 
with reſpe& to their greater or leſs number. 
In ſome leaves there are ſeen only one or two, 
in others ten or twelve. They differ alſo great- 
ly in fize. The reaſon of which is, that ſome 
of them are riper than others ; or they are older, 
or have begun to increaſe afreſh. I ſhall here- 
after treat of this matter in the hiſtory of the 
egg, and ſhall then likewiſe deſcribe their hard- 
neſs and tenderneſs. 

When I opened ſome of thoſe warts of theſe 
leaves, on the 14th of June, I met with quite 
different things therein. In ſome, which were 
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like the Caterpillar of the Bindweed, 


but conſiderably larger. 


ſhut very cloſe, I found a Vermicle, or Worm, 


with its excrements, and a caſt ſkin near-it. 
In another, which opened outwardly, with a 
round or orbicular orifice, I found another Ca- 
terpillar, of the ſame Ri with the former, 
Ia others that were 

not perforated, and ſtill contained their Ca- 
terpillar of the ſame kind within, I ob- 
ſerved this was ſuffocated, or had been. killed, 
by ſome other Worms, which likewiſe lodge 
themſelves in the warts. I obſerved that 
the rain had fallen into ſome others, that 
had holes, and were deſtitute of an inhabitant. 
In others again I found other inſects, which 
had caſt their eggs there. Nay, I ſometimes 
found the little caverns of theſe tubercles occu- 
pied by ſmall Spiders, which had ſhut up the 
orifice with one of their webs. I ſhall treat of 
all theſe things more particularly hereafter. 

Theſe differences, obſervable about one and 
the ſame kind of tubercle, may, no doubt, 
lead ignorant perſons into error. Indeed, Iam 
firmly perſuaded, that all who apply them- 
ſelves to experiments will be deceived, unleſs 
they thoroughly inveſtigate them, and endea- 
vour to find out their firſt principles. Where- 
fore, as I had at different times obſerved what 
is before related, I have again, at length, exa- 
mined theſe excreſcences with all the care 
poſſible, And thus I have, at length, diſco- 
vered the real eggs out of which thoſe firſt Ca- 
terpillars, which I faid I found in the tubercles, 
are produced. At the ſame time alſo, I diſco- 
vered the reaſons why other inſects alſo go 
into theſe warts. S 

On the ſaid 14th of June, I opened a great 
number of tubercles, of all kinds and figures : 
in the ſmalleſt of them I found real and per- 
fe eggs, ſo circumſtanced in every reſpect, as 
if they had been laid there by the inſet. The 
leaf of the willow, in which I found ſuch an 
egg, had but very lately budded, and was till 
tender, though it had obtained its full fize and 
form. I found in this leaf the rudiments of 
feven ſach excreſcences, which I repreſent in 
each fide of it, Tab. XLIV. Fig. 1. m. Some 
of theſe were a little larger, others ſmaller ; 
but the minuteſt of them were fo ſmall, that 
they could be obſerved only by reafon of the 
ſmall change which was obſerved in the colour 
of the leaf. The largeſt of the tubercles, 
which began to ſwell a little, were of a yel- 
lowiſh green colour; but the ſmalleſt of all, 
which did not yet project beyond the ſurface 
of the coats of the leaf, was diſtinguiſhed from 
the leaf itſelf only by a paler yellow cotour.. 
We muſt here obſerve, that the egg was alſo 
ſmaller in the ſmalleſt than in the largeſt ex- 
creſcences; in which I conſtantly found it 
much larger, and more advanced and forward. 
This egg was of an oblong figure, Fig. 11. 2, 
without any rings, having one end thicker, 


* Theſe tubercles and warts, like galls, and the tufts on the dog-roſe, all ariſe from the punctures of inſects; and as there are 


many kinds of theſe inſects, it is not ſtrange that the tubercles are of various forms. 


They are all uced by wounds, at which 


the eggs of the parent- animal are introduced; and the young Worm conſtantly appears within them. Theſe Worms are, in gene- 


ral, very weak and defenceleſs ; and this ſeems a proviſion of nature to hide thera from their enemies. 
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the other more acute. It appeared tinged with 
a watery colour, and had an extended ſmooth 
ſurface. Theſe eggs lay looſe and diſengaged 
in theſe tender tubercles. There was no par- 
ticular little cell; but they were every where 
equally ſurrounded with the inner ſubſtance of 
the tubercle. But when the wart afterwards 
becomes larger and harder, and by degrees 
loſes its ſtiffneſs and tenderneſs by accretion, 
then it is obſerved, that it inſenſibly opens on 
the infide; and in proceſs of time is divided, 
as it were, into two diſtin& parts: in one of 
which only an egg is placed, Fig. 1. o, and is 
ually reads ws augmented. 

About that time one may very diſtinctly ſee, 
that the egg is no where fixed or annexed to 
any thing, nor has any veſſels, filaments, fibres, 
or any other ties, by the help of which it may 
cohere with the wart, and receive nouriſhment 
from it. Indeed, it never has any certain place 
in the tubercle; for it is ſometimes fixed in 
this, ſometimes in that ſide: it is ſometimes in 
the middle: it is ſometimes at a greater or leſs 
diſtance from the chink, which is naturally ob- 
ſerved in the body of the tubercle. There 
are as yet no excrements found in the wart ; 
but all things appear pure and clean. 

It is very certain, that this egg is then in a 
ſtate of nouriſhing ; for one may plainly ſee, 
that it is conſiderably increaſed, from time to 
time, and augmented. But the moſt obvious 
figns of this are obſerved chiefly in thoſe Worms 
which are a little older; for in ſuch the fore 
part of the egg is conſiderably ſwollen, fo that 
even the head and two eyes of the Worm or 
Caterpillar, encloſed in it, are gradually ſeen 
through its integuments, and are obſerved, 
Tab. XLIV. Fig. 11. p, to grow continually 
blacker. | 

If therefore it be aſked, how this egg is 
nouriſhed? I anſwer, it may conveniently have 
all neceſſary food from the effluvia and tranſ- 
mitting liquids, which perſpire into the cavity 
of the divided and broken excreſcence, and 
likewiſe may eaſily penetrate the coat whereby 
the egg is inveſted ; ſo that they may be ſucked 
in, and ſwallowed by the Worm that lies 
within. All membranes ſerve to illuſtrate what 
I have here aſſerted ; for theſe being put into 
a damp place, are likewiſe affected by the 
moiſture : but when they are ſuſpended wet in 
the air, or are expanded, again they exhale, by 
a contrary action, all the moiſt humours which 
they contain. Nay, it is plainly ſeen that gum 
tragacanth, though tied up in a membrane, 1s 
notwithſtanding conſiderably ſwollen, when put 
in a moiſt place. But here it deſerves particu- 
lar notice, how powerfully ſalt of tartar at- 
tracts water to it. In the roots of trees and 
herbs, wherein open pores are not yet demon- 
ſtrated, no other and of nutrition can indeed. 
obtain or prevail. However this matter be, I 
think the juice, perſpiring from the ſubſtance 
of the warts, feeds the Worm that is thus con- 
tained within it. 

Now, as an egg is nothing elſe but a Nymph 
encloſed in the pellicle, not yet having the firm- 


neſs and ſtrength neceſſary to break open this 
coat with which it is ſurrounded, one may 
eaſily comprehend how the Worm, ſtill con- 
tained in the ſhell of its egg, may ſuck the 
nutritious juice which penetrates into the ca- 
vity of the egg. And indeed this obſervation, 
by which it is evident that the egg is nouriſhed, 
and becomes bigger, whilſt it is and remains 
an egg, moſt ſtrongly proves, that the egg is 
really the inſect itſelf; nor is there any other 
difference between this and that, only in reſpect 
of the inveſting coat, which prevents our ſee- 
ing the contained inſect; though, in ſome 
caſes, one may diſtinctly enough obſerve it 
tranſparently through the ſkin of the egg. 
The egg, of which we treat in this place, is, 
in this reſpect, different from thoſe of many 
other inſets, becauſe the latter never increaſe, 
but for ſome time only cover the contained 
little inſets; juſt as the membranes of the 
Nymphs ſurround or environ the encloſed in- 
ſects for a time. 

When this little creature afterwards has 


broken out of its egg, it has the form of a 


thin and ſmall Caterpillar, and is twice as long 
as the egg wherein it had been hid a little be- 
fore. It is then always found within the 
tubercle, that the ſkin cait off by the little 
inſect lies near to it. This little Caterpillar 
is at this time ſo ſmall, that, if it were deli- 
neated according to its natural ſize, it would 
{carce be as big as a point : wherefore I repre- 


ſent, Tab. XLIV. Fig. 1. 9, it rather at its full 


maturity, as it appears when it hath bored its 
way through the tubercle, and crept out through 
the hole r it made. 

This little Caterpillar properly belongs to 
what are called the Bind-weed kind. If you 
view it with a microſcope, you will ſee it com- 
poſed of fifteen annular inciſions, which con- 
ſtitute the head, thorax, abdomen, and tail. 
The head is of a raven-black colour, and ex- 
hibits, Fig. 111. s, the eyes placed on each 
fide. In the fore part, in the lower region of 
the head, are ſeen two hard horny or bony 
Jaws; the extremities of which are divided into 
many ſmall ſharp-pointed teeth. With theſe 
the inſect, when provoked, is not afraid to 
bite even at a ſteel- needle. Theſe teeth are of 
a browniſh red colour, and tranſparent ſub- 
ſtance. The fix firſt legs, F?, each of which 
conſiſted of five joints and one claw, were ar- 
ticulated with the three foremoſt rings of the 
thorax. The two rings immediately follow- 
ing had no legs affixed to them. But twelve 
other legs, Tab. XLIV. Fig. III. z, adhered 
to the lower part of the ſix rings of the body. 
Finally, the tail was alſo furniſhed x with two: 
ſo that this inſect has in all twenty legs. In 
the poſterior part of the head, and in the neck, 
as alſo about its tail, there are ſome black ſpots. 


This Caterpillar, like the Coſſus, or Worm of 


the Beetle, had a wrinkled ſkin, here and there 
ſet with hairs. It twiſted and gathered toge- 
ther the poſterior part of its body, like the 
Bindweed Caterpillar. It did not frequently 
make uſe of its middle, or laſt feet, except 
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when it endeavoured to wind and twiſt the 
poſterior part of its body about the extremities 
of leaves; for then it faſtened itſelf in the place 
with its feet, making no uſe of its fore legs at 
the ſame time. When it walks, it uſes only 
the fore legs, and then draws after them the 
hinder part of its body. This is likewiſe the 
caſe in regard to the Caterpillars, before men- 
tioned, which have many legs; and which 
likewiſe change into Butterflies fo conſtantly, 
that I have hitherto obſerved no example to the 
contrary. The points of reſpiration were ſeen 
to open in the ſurface of the body, and the 
pulmonary tubes were tranſparent through the 
{kin. In the hinder part of the body, the heart 
ſhewed itſelf alſo, beating. 

While theſe little Caterpillars are ſmall, they 
are of a colour mixed of a yellowiſh white and 
pellucid green, which by degrees improves and 
grows ſtronger, Even while they are, as it 
were, {till in their cradles, a narrow line of a 
deep green colour, which denotes the aliment 
contained in the ſtomach, is ſeen through their 
ikin; and this becomes of a more and more 
duſky green, the more the Caterpillar ap- 
proaches to maturity ; and the Caterpillar itſelf 
then alſo gets a much greener colour all over, 
only that it continues of a yellowiſh white about 
the belly. Theſe little creatures ſeveral times 
change the ſkin within theſe warts, and grow 
whitith for a time, on caſting it. 

The inner ſubſtance of the wart is their food, 
which they immediately begin to eat, as ſoon 
as they come out of their eggs. About that 
time their excrements alſo are found in the 
tubercles; and there is the greater quantity of 
them accumulated, the more the Caterpillar is 
grown. I have ſometimes found ſo great a 
quantity of theſe excrements in the tubercles, 
that it was three times bigger than the body of 
the inſect. This principally proceeds from 
rain, which ſwells theſe feces, and ſometimes 
kills the little Caterpillar. This moſt com- 
monly happens, when it has already bitten 
through and perforated the coats of its wart, 
or tubercle. Theſe habitations are commonly 
pierced through by the Caterpillars, when theſe 
inſets are arrived to their full ſize ; for then 
they always eat a hole through their tubercle, 
and then thruſt the hinder parts of their body 
through the hole, ſo that they may caſt out 
their excrements, Tab. XLIV. Fig. 1. y. The 
Caterpillars behave in this manner chiefly in 
rainy weather ; for then their excrements ſwell 
vaſtly by the force of the wet, and would oc- 
cupy too large a ſpace, being otherwiſe not 
bigger than ſmall grains of ſand. 

In proceſs of time the whole ſubſtance of 
the wart is ſo cleanly eaten out by the Cater- 
pillar, that abſolutely nothing remains of it 
but the two outmoſt coats of the leaf. After 
this the creature ceaſes to eat, though it ſome- 
times alſo abſtains ſooner. It is indeed very 
worthy of conſideration, that the Worm in this 
excreſcence finds its aliment in ſuch plenty, 
that it is never in want. On June 29, I ob- 
ſerved that many of theſe Caterpillars had crept 
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out of the mouths or orifices of the verrucles, 
or little warts; nor could I, notwithſtanding, 
find any of them either on the tree, or under 
it on the ground. In another tubercle, which 
I then opened, I found a dead Caterpillar. In 
another, the little creature had been entirely 
conſumed, its remains reſembling only a thin 
ſkin; and near it lay a Worm without legs, 
which had probably conſumed the entrails of 
the Caterpillir and afterwards had crept out 
of the tubercle, in order to undergo its er 
change. As I had 7 77 given this Worm 
a little wound, I could not further proſecute its 
changes. I ſhall not preſume to affirm, as a 
certainty, that the viſcera of the dead Worm 
were conſumed, or had been pierced, by this 
creature. 

In order to inveſtigate further what is done 
by theſe little Worms, I brought ſome leaves 
and little branches of Willow-trees into my 
chamber, and there put them in moiſt ſand. 
But fo it happened, that the Worms of theſe, 
having quitted their tubercles, got into the ſand 
out of my fight. As I imagined it was the 
want of food that made them leave their abode 
ſo quickly, I put ſome leaves and entire warts 
of them upon the ſand : nay, I likewiſe offered 
ſome of them a maſs or lump, prepared of 
ſome bruiſed tubercles, in order to invite them 
to eat; but all was to no purpoſe. I therefore 
finally encloſed ſome of them in a dry box, 
into which I had before put ſome rotten wood, 
that I might ſee whether they would make 
their webs there. All theſe died likewiſe, 
pining away, ſome ſooner, ſome later: where- 
tore I at length learned, that they could not 
live naked or uncovered in the air. 

On the 5th of July I obſerved, that ſome of 
theſe little Worms had dug into the ſand, and 
there began to weave webs; and this was the 
firſt opportunity I had of diſcovering any ap- 


proach toward their change. For, when I di- 


ligently examined the ſand on the inſide, I 
found a great number of them in it, ſome of 
which lay much deeper than others. And 
thus I at length diſcovered, that theſe little 
creatures, after they have eaten ſufficiently, 
quit the Willow-leaves, and fall ; and then dig 
into the earth, in order to weave their webs 
there, and ſuffer other changes. 

Out of this ſand likewiſe I took ſome per- 
fect webs. They were of an oval figure, Tab. 
XLIV. Fig. Iv. a; ſo that if they were ex- 
poſed on the ſurface of the earth, the moiſture 
or rain could not do them great harm. I have 
likewiſe obſerved ſome Spiders woven up in 
webs. Theſe webs were of a bright purple, 
approaching to ſcarlet. I afterwards opened 
one of theſe webs, woven by the inſets; but 
found that the Caterpillar, in the infide, was 
not yet changed. On the 6th of July I cut 
open ſuch another web; and in this alſo there 
the inſect ſtill lived, in full vigour. In the 
third web which I opened, I found the crea- 
ture juſt on the point of ſuffering its change. 

Its green colour began by degrees to diſap- 
pear. The body became a faint yellow, and 

decreaſed 
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decreaſed very much in bulk, becoming at the 
ſame time clear and perſpicuous; as is likewiſe 
the caſe in Silkworms. The little line on the 
back, produced by the contents of the ſto- 
mach, became likewiſe obliterated by degrees ; 
fince the Worm had now cleared its inteſtines 
of all their groſs contents, afterwards lying in 
its web without any remarkable motion. 

July 13, I found ſome dead in their webs; 
but others had by that time aſſumed the habit 
of real Nymphs. Therefore it is evident, that 
theſe inſets ſtrictly _ to the firſt mode of 
the third order of natural changes; though I 
ſhall not here refer them to it, becauſe they 
weave their webs, and are changed in a very 
obſcure manner under the earth. 

Some days after, that is July 18, I obſerved 
many little black Flies iſſuing, Tab. XLIV. 
Fig. Iv. &, out of thoſe webs which I had taken 
out of the ſand, and put into a dry box. This 
little Fly, being viewed with a microſcope, 
ſhews itſelf divided as uſual into a head, thorax, 
and belly. Out of the fore part of the head 
ariſe two black horns, Fig. v. c. Theſe are 
placed before the eyes. The thorax is ele- 
gantly divided, and ſhews four membranaceous 
wings fixed to its ſcapulz, whereof the lower 
pair are covered by the upper, and all together 
cover the body. The upper wings are pro- 
vided with many pulmonary tubes, paſſing 
through them, and near their extremities are 
marked dd with two blackiſh ſpots. Six legs 
adhere to the loweſt region of the thorax, e e, 
that are divided by joints and two claws: they 
are of a colour approaching to black. The 
abdomen alſo is black, and is divided into 
rings. Some of theſe Flies alſo had a tail, 
others not. 

The males I found had tails, but the fe- 
males none. If the laſt rings ef the females 
abdomens were preſſed out, Fig. vi. ff, towards 
the hinder extremity, a ſharp-pointed part was 
forced from thence ; which being carefully 
examined with a microſcope, exhibited an in- 
ſtrument like a ſaw, g ſituated h between two 

inted horny or bony little parts, and conſe- 
quently fit for piercing the coats of leaves; as 
J ſhall relate hereafter. On viewing the under 
part of the female's body, I obſerved that it 
grew white about the breaſt, but that the legs 
were ruddy there. 


But when I afterwards opened the female's 
abdomen, I found perfe& eggs there, exactly 
like thoſe, which I before deſcribed to be found 


in the tubercles of the leaves: ſo that doubt- 


leſs, they are eggs of this Fly, which are found 
in the tubercles. This Fly is of the ſame diſ- 
poſition with thoſe which proceed from con- 
ſumed Chryſallides. Nor did Flies break out 
of thoſe webs only, which I had put into the 
box: they likewiſe iſſued out of the webs, 
which were yet buried in the moiſt ſand. 
Hence I faw ſome ſuch little Flies lying dead 
in the ſand, and others that had grown faint 
and weak with the moiſture. 

In ſome other webs I found living Flies 
which iſſued from thence ſo quickly, tha: I 
could not catch them. I likewiſe opened tome 
males of this kind, and therein found the male 
organs of generation : however, I cannot now 
ſay much of them ; becauſe I did not commit 
my obſervations thereon to writing. Theſe 
little inſets are changed in a double manner: 
for when it happens, that their Worms, at the 
end of the year, creep into the ground, and 
there form webs ; Flies do not proceed from 
them before the ſpring of the following year. 

I cut open alſo the webs that were forſaken 
by theſe Flies ; which indeed, they break in a 
very ſingular manner: they make a round 
hole z, Tab. XLIV. F ig. Iv. in each, like that 
in a barrel. In thoſe webs I found a ſkin, 
which the little creature caſt off, when it be- 
came a Nymph, and alſo a tender ſkin, which 
the Nymph, on being changed into a Fly, had 
afterwards caſt. N 

After the creatures forſake the tubercles; 
theſe latter grow dry entirely, and in ſome 
days become contracted together. But as my 
curioſity had proceeded ſo far as to keep all 
theſe little inſects, as they are circumſtanced 
in all their changes; hence learned, that theſe 
tubercles could not be otherwiſe kept in the 
Willow leaves, than by filling them with a 
ſufficient quantity of dry ſand, and then leav- 
ing them to themſelves, until they grow dry: 
after this, the ſand may again be eaſily taken 
out of their cavity. Let this ſhort deſcription 
of this great and unheard-of natural miracle 
ſuffice ; in which the. wiſdom and providence 
of God are clearer than the meridian ſun, 


In what manner the eggs of theſe little creatures come into the leaves of the 
Willow-tree. 


ANY who call themſelves ſearchers into 
nature's ſecrets, agree, that all obſcurer 
modes of generation muſt be attributed to pu- 
trefaction as their cauſe, which is the effect of 
moiſture joined with heat. And this opinion 
extends even to ſtones ; for they obſerve, that 
ſome inſects iſſue from them. It is however 
very remarkable, that they cannot prove or il- 
luſtrate that aſſertion by any one ſolid argu- 
ment, or fair experiment. They rely only on 
their own erroneous opinion, occaſioned by an 


univerſally prevailing error. I except only 
Dr. Francis Redi, who has pointed out a very 
different and much better way: for he, having 
firſt, by irrefragible arguments and reaſonings, 
deſtroyed the ſyſtem of generation by putre- 
faction; yet not improbably infers, that theſe 


little inſets, which are found in leaves, fruits, - 


and the like ſubſtances, are generated there 
from the very ſoul and natural vigour of the 
vegetable which produces the fruits and plants. 
I fay, the opinion of this gentleman is not al- 


together 
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together improbable z for the experiments that 
may be made ing the matter, are in- 
volved in ſo many difficulties, obſcured by ſuch 
thick darkneſs, and are fo inextricable, that 
one may be eaſily induced to think theſe little 
creatures are real 
themſelves. | P | n 

This induced me to inveſtigate, with much 
labour and difficulty, the origin of the Worm 
in the tubercles of Willow-trees. Dr. Redi 
ſays, he could never ſee that the Worm itſelf 
is changed; and, I confeſs, I ſhould eaſily have 
concurred in opinion with this gentleman, if I 
had not, though he did not ſacceed, diſcovered 
the abſolute change of this Worm into a Fly, 
and had not obſerved the eggs in the Fly's body 
to be like thoſe which are found in the tu- 
bercles. I cannot agree with this very learned 
author, that the Worm has only fix feet, as it 
is repreſented by him ; for I find, on the con- 
trary, that it is provided with twenty. 

Theſe are errors into which. each of us may 
eaſily fall. And, indeed, I have not advanced 
what I have hitherto ſaid with deſign to con- 
fute a gentleman who is my friend; for I think 
none ought to be cenſured with the rod of 
correction, but thoſe petulant perſons, who, 
ſwollen with vain-glory, bark like Dogs at all 
writings whatſoever, and ſeck laurels for them- 
ſelves by defaming others, which Bartholinus 
endeavours to do on every occaſion; and hence 
even his theſes are debaſed by railings. In- 
deed, all our writings out to be directed to find 
out the truth with our beſt ſtrength : I ſay, the 
truth, to which we all ought to adhere, whe- 
ther it favours or oppoſes our own opinions, 
ſince there is nothing really amiable but its 
beauty only. Therefore, though the opinion 
has an air of probability, I ſhall not agree with 
the celebrated Redi, that any creatures are ever 
produced ſrom vegetables, in the ſame manner 
that leaves and fruits iſſue therefrom. 

I know indeed ſome learned men, and ſome 
of very eminent rank alſo have beerr brought 
into this opinion. But I know too, that it will 
never be proved by experiments, however fair 
it may appear. For Jam really obliged to con- 
feſs, that opinion ſeems to be ſo conſonant to 
truth, that, unleſs theſe Worms had increaſed 
into winged and ſtinged animals before my 
face, I could ſcarce have ſaid any thing to the 
contrary. Finally, in order to give my own 
opinion, with which I obſerve the very excel- 
lent phyſician Dr. Francis Redi formerly con- 
curred, I think, indeed, that all thoſe tubercles 
of plants, leaves, fruits, and excreſcences in 
the which inſects are found, are of no other 
uſe, nor do they grow for any other end or 
purpoſe, but to give a ſafe habitation to the 
animals in them, in order to preſerve them, 
and likewiſe to ſerve for food x. Indeed, ex- 
treme neceſſity, in this caſe, required ſuch pro- 
viſion; for many of theſe Vermicles have no 


feet, by the help of which they might move 


_ * Reaumer, indefatigable in his ſearches into the inſect-world, has given us an account of a peculi 
calls Mineurs des Feuilles, miners of leaves. Theſe burrow between the outer rind and fubſtauce of the leaf, 


ly generated from the plants. 
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about, and get food for themſelves. t This is 

articularly- remarkable with to the 

orms of Bees and Ants, which have no feet; 

ſince the former are, for this reaſon, very care- 

fully nouriſhed by the Bees themſelves; and 

the latter are, for that reaſon, continually re- 
moved into different places, in which they can 

get food without aſſiſtance. Tho' the Worms 

which-we- have above deſcribed have feet, they 

make moſt uſe of them when they ſeek for the 
habitation, wherein they weave their webs; 

but they by no means ſerve them to find out 

their food. Therefore, both in the conſtitution, 
of the parts, and in the food, which the Worms 

found in the tubercles, there ſeem to appear 

reaſons of great moment, why theſe tubercles 

are produced. 'Theſe are perhaps, however, 

mere conjectures ; while Nature herſelf never 

intended, in her works, any thing to verify 
them. God ſhews himſelf every where equally 

adorable and immenſe. 

I think theſe Worms, which are found yearly 
within the ſame kind of tubercles, and are pecu- 
liar and natural to them, are produced only from 
eggs of inſects of the ſame nature, or conge- 
nial with them; that is, ſuch inſects as depoſit 
their eggs an the plants, leaves, or fruit, and 
convey them thither from without. This is in- 
deed evident from what I have before obſerved, 
with reſpect to the eggs that lie in the tubercles of 
Willows, and thoſe that are found in the bodies of 
Flies produced from thence: for theſe two kind 
of eggs do not in the leaſt differ from each other. 

Now, then nothing further remains but to ex- 
plain the method whereby theſe eggs are conveyed 
into the leaves of the Willows. Nor do I fee 
much difficulty in this matter: for, ' ſince the 
mother Fly is armed with one or two weapons, 
proper to pierce ſuch ſubſtances, and with an- 
other inſtrument, which is fitted for directing 
and guiding the eggs iſſuing out of her body 
ſhe may very eaſily pierce the tender leaves, 
when recently ſpringing out, and may caſt her 
ſmall, and almoſt inviſible eggs, into the little 
holes that are thus made : that this really happens, 
and in this manner, is the more manifeſt ; be- 
cauſe, in the new leaves that have juſt appeared, 
the little egg is found every where looſe and diſ- 
engaged ; and only a part of it is fituated be- 
tween or under the coat of the leaf: nay, I have 
ſometimes thought I ſaw the little holes, thro” 
which the eggs were conveyed into the ſubſtance 
of the leaf. | 

I own, this hiſtory would at length be com- 
pletely perfect, if I could ſee all I have ad- 
vanced, as my opinion, which, I think, I ſhall 
hereafter be able to do. But though I have not 
hitherto done that, the experiments which I 
have now propoſed, to confirm my opinion, 
ſeem to me ſo ſtrong, that no body can deſire 
more convincing, I willingly confeſs, I have 
not accurately and diſtinctly ſeen the perforation 
of the leaf in all its circumſtances: but I ſhould 
think, that it is not poſſible for it to come withinthe 


iar race of creatures, which he 
feeding as they go, 


and leave a tract of white behind them, ſo that the leaf ſecms variegated. 


I 


cognizance 
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ptegnant with little inſects, to be nouriſhed 

within them; I think they are cauſed principally 

by the variety of the ſtroke, whereby thoſe crea- 

tures —— plants, and fix, and, as it were, 
at 


| cognizance of ihe eye-ſight. | For, who can ſee 


the wound in his ſkin, made by the ſtroke of a 


Gnat or Flea, immediately after it is inflited ? 
Surely no one. What one ſees in the ſkin, is 
nothing elſe but a change of colour: and this is 
likewiſe obſerved in the leaf of Willows ; that 
is, the place through which the egg is conveyed 
and joined to the leaf, is diſtinguiſhable in no 
other manner but by a ſmall diſcolouring. To 
which we may add, that the little wound, given 
to the ſucculent leaf, by ſo ſmall a creature, ea- 
fily cloſes up again, and is ſtopped and filled up 
by the impelled humours. 

It will be aſked, why are tubercles produced 
in the Willow leaves, for the benefit of thoſe 
eggs conveyed into them? And how are thoſe 
rare and admirable excreſcences generated in 
other plants and trees? I confeſs this queſtion is 
very difficult to explain. Nor do I know what 
other anſwer to make to it, but that the firſt 
ſtroke, which the inſe& mother gave the plant, 
fruit or leaf, into which it endeavours to put the 
egg, is the real cauſe of the tubercles produced 
afterwards, whatever form or figure it may aſ- 
ſume. Do not we thus on Pompions, and other 
fruits, and even on trees, by the help of a knife, 
or bodkin, cut letters and characters; the veſti- 
ges whereof inſenſibly ſwelling with the hu- 
mours, raiſe themſelves up conſiderably beyond 
the common ſurface ? 

I do not think this is done by chance, but by 
a previous deſign of nature, which has ordered, 
that this generation of inſets, and the tubercles 
which ſerve for nouriſhing them, ſhould be pro- 
duced in this, and in no other order. Therefore 
alſo, the generation of theſe inſects is plainly re- 
gular, and is not ſubject to any fortuitous change. 
The great Harvey, in his book of generation, 
fully demonſtrates, how much the ſtrokes, ſtruck 
with one and the fame external inſtrument, dif- 
fer from one another ; when he ſays, from ex- 
perience, That the fleſh itſelf diſtinguiſhes the 
« poiſoned ſtroke of a ſting, from that which is 
not poiſoned:* and further proceeds: And 
© therefore, from the poiſoned wound, it is 
© ſtrained and condenſed, and therefrom ariſe 
«< tumours and inflammations. I once, fays he, 
« for the ſake of the experiment, pricked my 
© hand with a needle, and immediately after, in 
© another place, with the poiſonous tooth of an 
African Spider; I could not diſcover any dif- 
« ference between theſe two little wounds in feel- 
ing; but there was a great difference ſhewn in 
© the ſkin; for when the poiſoned puncture had 
© been made, it ſuddenly ſwelled.” Who can 
preſume to deny, that plants have this kind of 
ſenſe? I ſhould indeed think they would exhi- 
bit manifeſt ſigns of ſenſe, if they had muſcles; 
the want of which ſeems to be only the cauſe, 
that prevents their being able to ſhew us their 
faculty of ſenſation. This is evident in the ce- 
lebrated ſenſitive plant; which, in my opinion, 
has a certain ſpecies of muſcles, by the help of 
which, it extends and contracts its little boughs, 
almoſt like arms. 


As to the different figures of theſe tubercles, 


which are never found on plants, but they are 


inoculate their eggs in them: this may be like- 
wiſe ſeen in all inoculations. For the ſame rea- 
fon, the Flea forms with its ſtroke in our ſkin, 
a ſwelling altogether different from that of the 
Bug : and the latter differs alſo from that of the 
Bee. All theſe things are far from being ſub- 


ject to chance; they proceed in a certain order, 


and they are obſerved to be always ſimilar : ex- 
cept when the plants, or bodies of animals, have 


different figures; as the celebꝛated Redi hath ac- 


curately and clearly obſerved in regard to the bites 
of ſetpents. | 

I have often ſeen the legs of inſets ſo ſtrongly 
impreſſed upon the tender branches of trees, that 
they could not be taken off without injuring them. 
But, principally, the Dutch phalæna, which 
proceeds from the Worm, found chiefly in the 
bark of Willow-trees, and of the Maple, which 
it corrodes in ſome meaſure, and impreſſes its 
eggs outwardly on the bark : hence it follows, 
that the Worms produced therefrom, afterwards 
make a paſſage for themſelves inwardly towards 
the wood. Nay, if you pull theſe Worms out of 
the tree, they firſt weave and cover themſelves 
with a web; and then having afterwards broken 
it, they pierce the wood with their teeth; and, in 
ſo doing, reſt upon the web on their backſide, 
in order to get ſufficient power and ſtrength to 

netrate. 

This winter, I obſerved in turnips many warts 
and tubercles of various ſizes, in which lay fo 
many Worms without feet, but furniſhed with 
eyes and hard teeth, In the ſmalleſt of the warts 
or tubercles, I found a little egg; and in the 
larger ſort, a tender and ſoft Worm. In regard 
to theſe Worms without feet, that are found in 
tubercles cn plants; it is worthy of notice, that 
they can by no means be kept alive, when they 
are drawn out of the cells, which they have 
formed ſor themſelves, in proportion to the bulk 
of their body within the excreſcences, and in 
which they are nouriſhed. The cavity, wherein 
that wonderful Worm is lodged, which lives 
encloſed in the young buds of Willow trees, as 
in a roſe, which will be afterwards particularly 
deſcribed, exactly anſwers to the bulk of its 
body. The Worm that lies in Turnips, has a 
cavity ſomewhat larger than its body, I have 


obſerved alſo, that thoſe little cells, which the 


Worms, without feet, form themſelves with 
wonderful art in dry timber, are nicely fitted to 
their bodies; and they can therefore, with ſuf- 
ficient quickneſs, move through theſe cavities. 
They perform this motion by drawing in, and 
fixing their hinder parts to the wood, and ſtretch- 
ing out their forepart : and thus they move 
forward with great ſwiftneſs in theſe burrows, 
When theſe little inſects are deprived of their 
cells or caverns, and the nouriſhment they have 
there ready ; they cannot move any more; they 
ſtiffen with the heat and dryneſs of the air, and 
pw by innumerable other ways. Many feet- 


eſs inſets alſo, that live under the earth, and in 
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the water, are nouriſhed and ſuſtained in the 
ſame manner. For thoſe that have no feet, and 
live in the water, change place by the help of 
their tails and certain appendages, Which ſerve 
them inſtead of oars. But the Worms that live 
under the earth, advance forward almoſt in the 
ſame manner as the Worms of Beetles, and creep 
in this manner between the cracks and fiſſures 


of the mould. What happens to the feetleſs - 


vermicles of Flies, Ants and Bees, may be cen 
in the hiſtories I have already given of thele in- 
ſets. As to the Caterpillars, and other of the 
many-leged inſects; the matter is clear, and 
without all difficulty, Nay, it is no way repug- 
nant to my propoſition, that ſome inſects are ob- 
ſerved to iflue, after ſome years, out of rotten 
wood: for, we know, that theſe inſects ariſe 
there alſo from Worms, and that theſe draw their 
origin from eggs ; the females regularly betaking 
themſelves yearly to ſuch wood, and caſting their 
eggs into it. It is often neceſſary, that ſuch 
Worms ſhould receive increaſe for ſome years 
before they arrive at their time of change ; as is 
manifeſt in the Coſſus, and in that Worm alſo, 
from which the Holland Cantharis, commonly 
called the Golden Beetle, is produced. The 
fame thing likewiſe holds in the Aquatic Worms, 
that live in the tabular cells, as I have already 
remarked in the hiſtory of the Ephemerus. 

We muſt further obſerve, that many crea- 
tures that are ſaid to want feet, are really pro- 
vided therewith, Thus the Earth-worms indeed 
have many feet, but they are conſtituted in an- 
other manner than feet commonly are. I have 
clearly ſeen the ſame thing in ſerpents: theſe I 
have indeed obſerved, have five ſorts of feet. 
Some of them have a thorny or ſpinous excreſ- 


ſuch machines for their 


NATURE; or, 
oence in the middle of their body, wich two 


tain in the middle a little bone, which is artice- 
lated in the os pubis, and covered with à ſkin ; 
by the help of this, they can move quickly over 
the rough ſurface of the earth; and in cracks of 
rocks, I have ſeen others again provided with two 
greater ſwiftneſs. - T'wo 
feet of a certain third ſpecies were preſented to 
me, which being compoſed of diſtinct articulated 
bones, likewiſe carry claws on their extremities, 
which may be drawn out of them, like the hol- 
low claws of hogs feet. I myſelf have examined 
a fourth ſpecies, which had four articulated, but 
very ſmall feet; the foremoſt of which conſiſted 
of three joints, and two toes; the tops of which 
were armed with claws: another ſhorter joint alfo, 
or, as it were, ſmall thumb, armed with a claw, 
projected alſo out of their inſide. The hindfeet 
alſo were made in the ſame manner, only that 
they had one toe more than the forefeet. Laſtly, 
D. Frederick Ruyſch, profeſſor of ſurgery in Am- 
ſterdam, made me a preſent of a fifth ſpecies, 
furniſhed with very tender feet ; each of which 
conſiſt of three joints, but they are not diſtinctly 
viſible ; becauſe they are covered even to the ex- 
tremities with the ſcales: at the extremity of 
them, is ſeen only a ſimple claw, without any 
diviſion into toes. Therefore, that little ſerpent 
ſeems capable of making uſe of thoſe feet, only 
on certain conditions or occaſions ; ſince, on ac- 
count of their great tenderneſs, they are not ab'e to 
ſupport the body, tho' they may often contribute 
to move it with the greater ſpeed. Behold, how 
admirable God ſhews himſelf in all his works! 
the ſmalleſt of which moſt clearly expoſe to view 
his Magnificence, Majeſty, and infinite Wiſdom. 


Of other inſects found in the tubercles of Willows ; and how they come there. 


1* the preceding pages I have obſerved, that 
when I opened the tubercles of the Willow 
tree, I found various other inſects beſides the 
Caterpillars there mentioned; and this may im- 
poſe upon, or deceive, the unexperienced, who 
are accuſtomed to make experiments only ſlight- 
ly: ſince it may be poſſible, that one animal 
ſhould be taken for another, and wrong conclu- 
ſions drawn from thence. For this reaſon, I 
ſhall now explain that matter more fully, I 
have before obſerved, that in ſome animals not 
yet perforated, I found ſome other animals, from 
which the inſet before deſcribed hath been 
ſuffocated and killed. But in order to make this 
underſtood, we muſt obſerve, that the leaves of 
Willows are frequented by various ſpecies of in- 
ſets, which indeed lay their eggs either in or 
upon theſe lcaves; and theſe eggs at length grow 
into vermicles, ſome with, others without feet. 
The unperforated tubercle, whereof I now 
treat, contained two kinds of animals; the Ca- 
terpillar, which 1 have deſcribed above, and a 
Worm without feet, both which lay together in 
the ſame cavity. But as beth were nouriſhed 
with the ſubſtance of the tubercle, and both diſ- 


charged their excrements into it; it happened, 


that the Caterpillar was ſuffocated, and ſo de- 
firoyed by its companion. 

When I firſt ſaw ſome of theſe feetleſs Worms 
in the tubercle, I took them for the Caterpil- 
lars I deſcribed before, thinking, that thoſe 
ſprung from their eggs without feet ; and after- 
wards, when they grew ſomewhat bigger, that 
their feet appeared. But at length I diſcovered, 
by repeated obſervations, that theſe feetleſs 
Worms are of a different ſpecies : though, not- 
withſtanding I am very certain, that their eggs 
are thruſt into the leaves of the Willow tree, in 
the ſame manner as the Caterpillar; and that the 
Vermicle that is to ſpring from thence, is there 
nouriſhed, and undergoes a change. The feet- 
leſs Worm here mentioned, had already n 
a little more than the Caterpillar, It has à paler 
head, and diſcharges a great deal of excrements: 


But becauſe, I never obſerved a conſidetable 


number of theſe Worms, in the warts' or tu- 
bercles of Willow-leaves, which they only oc- 
caſionally inhabit ; therefore the opportunity of 
inveſtigating their change to the Fly-ſtate failed 
me. Perhaps I ſhall hereafter take farther pains 
in this inquiry. ail 


In 
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In another excreſcence, I found a third ſpecies 
of Worms, which were likewiſe without feet, 
and were twice as little. as the former, Their 
head was formed almoſt in the ſame manner: 
but it was thicker, where it is joined to the tho. 
rx. I obſerved alſo, two black ſpots in the 
| head, which probably were the eyes: theſe 
Vermicles changed their {kin alſo, and crept 
pretty quick, Sometimes two of theſe are found 
in one tubercle ; and they then live ſeparated by 
their excrements, as by a wall between them: 
this very thing I have likewiſe ſometimes ob- 
ſerved, when their tubercles touched each other. 
Theſe Vermicles or Worms, likewiſe ſeem to 
undergo their changes within the excreſcences ; 
but at this time, the excreſcence aſſumes a ruſty 


colour all over it. I have not yet diſtinctly ſeen 


their change; becauſe they are not found to be 
very common. It muſt be good fortune, if any 
one ſhould happen to diſcover the order, in which 
the limbs and parts of thoſe animals increaſe. 
I made theſe obſervations on the 28th of June. 

When theſe feetleſs Worms have undergone 
their tranſmutation, or the Caterpillars, which I 
have deſcribed, have left their tubercles ; fo that 
theſe are open and empty, then various other 
little Worms with feet, vifit and hide themſelves 
in them, or caſt their eggs there, in order after- 
wards to nouriſh their young in thoſe cells. The 
ſmaller Spiders alſo frequently betake themſelves 
to theſe warts on leaves, that they may lie in 
wait, and catch the leſſer inſets that paſs by, and 
when caught, feed on them. For the Willow- 
leaves fecd an infinite number of very ſmall in- 
ſes; ſo that a whole treatiſe might be wrote on 
the different fpecies of minute inſects that are 
found about theſe trees, 


Among other inſets, I found on theſe leaves 
a'very ſmall Cicada; which, as to its changes, 
and its manner of living, is altogether like the 
larger Cicadz of France and Italy. Very ſmall 
Caterpillars are likewiſe found there, afftxing an 


- oblong and gold-coloured web to the leaves ; 


out of which ſome remarkable ſpecies of ſmall 
Flies are uſually afterwards produced, When 


thoſe Flies ifſue out of their little caſes, they like- - 


wife throw out of them an operculum or cover, 
which is exactly round, as I have related of the 
web of the Caterpillar, which I have deſcribed 
before and delineated. 


Among the little inſets which come from 


without, into the tubercles, I have obſerved a 


very ſmall one, that was white, oblong, Tab. 
XLIV. VII. and has very great vital ſtrength. 
It had two black eyes, ſituated in the loweſt re- 
gion of its head towards the thorax. Out of 
the forepart of its head projected two antennæ. 
It had fix legs, over which were ſeen four wings, 
encloſed in little knots. The body appeared to be 
divided into rings. This little animal was changed 
afterwards in to a black oblong Fly, with wings as 
long as the body. But when this change hap- 
pened, the inſect was not at all deprived of its 
motion ; therefore it belongs to the ſecond order 
of changes. The reaſon why I deſcribe it under 
the fourth order, conſiſts in this, that its change 
is inwardly perfected in a concealed manner in 
the hollow tubercles of the Willows.. It is ſo 
ſmall, that it can hardly be delineated in its na- 
tural fize. One muſt therefore firſt know thoſe 
different modes of changes, and what inſects viſit 
the excreſcences of the Willows, before one 
can, without error, make experiments on this 
matter, | 


A particular deſcription of certain inſects, which live between the firſt and ſecond 
coat of the Willow leaves, and are changed into Beetles, 


ESIDES the tubercles hitherto delineated, 

which contain the Caterpillar before deſcrib- 
ed, there is likewiſe another ſpecies, Tab, XLIV. 
Fig. vIII. of Worms without feet, obſerved to 
lie between the outmoſt and inmoſt coat of the 
Willow leaves : theſe I ſhall now deſcribe, and 
delineate them magnified, but I ſhall firſt treat 
of the leaf itſelf. The Willow leaf, as I have 
obſerved before, conſiſts of three coats; whereof 
the inmoſt is the moſt ſucculent ;/ and may there- 
fore ſerve many inſets which eat the entire leaf 
for their proper food : but the Vermicles whereof 
I now treat, eat only the inmoſt part of the 
leaf, leaving the inward and outward coat en- 
tirely untouched : they do not indeed devour the 
little nerves of the inward fleſhy ſubſtance, but 
only the matter in their inteſtines, Since theſe 
Worms therefore conſumed only the middle of 
the Willow leaf, hence it is, that they are al- 
ways found lying immediately under the inmoſt 
coat of that leaf; for this they eat and conſume 
by degrees on the inſide, until they come to the 
external coat, which very ſtrongly ſupports the 
nervous filaments of the leaf. Thus at length it 
happens, that the inſide of the Willow leaf is 


hollow underneath, and becomes ſeparated from 
the external: this is the reaſon alſo, why the 
two coats of this leaf grow dry in that part, and 
aſſume a ruſty colour: and this ſhews plainly, 
that the little animal lies between theſe two' coats. 
I ſometimes have found ſeventeen ſuch Worms 
in one Willow leaf, which then indeed appeared 
to be divided into fo many ruſty coloured ſpots. 
In order to underſtand theſe matters more clear- 
ly, I have judged it proper to repreſent two of 
theſe ſpots in the natural fize ; whereof the one 
is cloted, and the other open, Tab. XLIV, Fig. 
I. 22. In the open ſpot, it may be obſerved, that 
the inmoſt coat of the leaf is entirely removed 
from the middle larger nerve. It likewiſe ap- 
pears there, that the ſmaller nerves of the one 
fide, are entirely naked, and the matter that had 
filled their interſtices is conſumed, In the op- 
poſite ſide, beſides ſome excremente, there is ſezn 
the naked head of the Worm, together with the 
body, tranſparent through the elevated coat. 
That what has been hitherto ſaid, as well as 
the method whereby the Worms performs all 
theſe matters, may be more clearly compre- 
hended.; I ſhall now delineate the inſect itſelf 
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magnified, and ſhall deſcribe its external parts. 
This Worm, or. Vermicle, has no feet; but it 
.confiſts of fourteen annular inciſions, which 
conſtitute its head, breaſt, belly, and tail. In 
the forepart of the head are ſeen two teeth 9. 
The thorax, in that here repreſented, was very 


much expanded in breadth , and ſhewed in 


its firſt ring two ſpots of a ruſty colour, ap- 


proaching to brown. The head alſo appeared 


to be of the like colour, but ſomewhat paler : 
there were alſo, very many tranſparent pulmo- 
nary tubes ſeen in the breaſt. The reſt of the 
body was formed cc nearly like the thorax. 
Out of the ſides of each ring of the thorax and 
belly there ſprung hairs like flaxen threads. 
The laſt rings of the body alſo, were variegated 
with ſome black ſpots. This whole Worm 
was of a beautiful white colour, ſomewhat ap- 
proaching to green. It moved a flow pace, 
going forward by the aſſiſtance of the rings of 
its body; which it ſometimes contracted, and 
again expanded : and this it did more' readily, 
whilſt it lay between the coats of the leaf, than 
when drawn out of it. The exuviæ, or skin 
which it caſts, was left between the coats of 
the leaf; where likewiſe lay the excrements, 
which the Worm had even thruſt into the hol- 
low interſtices of the little nerves. | 
I have not yet ſeen the egg of this Vermi- 
cle, though I have very diligently ſearched for 
it ; but I had begun that obſervation on the 
20th of Auguſt, when the Summer draws to 
an end. I afterwards obſerved, that the Ver- 
micles were too far advanced for me to be able 
to find out their proper conſtruction and hiſtory. 
The inveſtigation of that matter muſt there- 
fore be deferred to another opportunity. How- 
ever, cven at that late ſeaſon of the year, I 
found, in a Willow-leaf, a very ſmall kind of 
orbicular ſpot, which I have figured therein, near 
the former ſpots, Tab. XLIV. Fig. 1. 22. I ex- 
pected to have found an egg in this ; but when 
I opened it, I found a very ſmall oblong, black 
Nymph ; which, I found on examining it with 
a microſcope, would at length change into a 
ſmall Beetle. But I could not then diſcover 
either the worm or the egg of this Nymph. 
When I attempted, and was defirous to keep 
the Nymph, it was loſt from my ſight, on ac- 
count of its extreme ſmallneſs. Conſider, rea- 
der, therefore, how minute that egg muſt be; 
the Nymph of which was almoſt inviſible. I 
began this obſervation on the 3oth of Auguſt. 
It is evident from what I have ſaid of the 
teeth of theſe Worms, with what inſtruments 
they gnaw and break open the inmoſt coat of 
the leaf. For the Worm, in a very irregular 
manner, hollows the leaf, forming a finus 
which runs into various angulated and ſerrated 
borders ; by which means it widens its habita- 
tion by degrees, eating the ſubſtance of the 
leaf ſometimes round it, ſometimes length- 
ways, and at other times through the angulated 
curvatures. It is very admirable, that the Worm 
never eats even the ſmalleſt hole in the coats 
of the leaf. It ſeparates the internal from the 
external coat ſo carefully, and without injury, 


5 


that the method whiereby it is done would in- 
deed be incomprehenſible; unleſs we conſider 
its fine teeth, by the help of which it conſumes 
the middle ſubſtance of the leaf. Hence it is 
likewiſe evident, that the orifice muſt be vety 
ſmall, by which the egg of this Worm is firſt 
conveyed through the inward coat into the ſub- 
ſtance of the leaf, that it may live, be nouriſh- 
ed, and perform its metamorphoſis there. 
On the 24th of Auguſt, I ſaw @ Fig. x. one 
of theſe Vermicles put on the form of a Nymph 
in my chamber. This may be ſeen very exactly, 
by holding the leaf to the light N ſun or 
candle. f obſerve, that this Nymph property 
belongs to the firſt mode of the third order; 
ſince it very clearly, and without impediment, 
exhibit its limbs to view. In the beginning of 
this change, the Nymph is white; but it after- 
wards becomes gray, and by degrees black. It 
very ſtrongly moves its tail; by the help of 
which it can go between the coats of the leaf. 
On Auguſt the 26th, it became as black as 
itch. e 

The head, thorax, abdomen, and all the 

other limbs of the future Beetle were now ſeen 
in it. In the forepart of the head were ſituated 
two crooked, Tab. XLIV. à briſtly hairs. In 
the lower part of the head, its mouth or 
trunk lay hidden in an oblong caſe. On each 
ſide, near the head, appeared the horns 36, 
elegantly compoſed, as it were, of little joints 
or knots. Near theſe was ſeen the firſt pair of 
legs; and under the latter another pair, out of 
which projected cc two briſtly hairs like two 
crooked prickles. Below theſe legs appeared 
the ſheaths or caſes of the wings ; which pro- 
ceeding from the back and bending, lay along 
upon the belly, and were beautifully divided 
with ribs dd. Underneath them lay the mem- 
branous wings themſelves, encloſed in a mem- 
brane ; immediately under the caſes, the bend- 
ing of the third pair of legs ſhewed itſelf: and 
this pair alſo was armed ee with rigid briſtly 
hairs. Next followed the rings of the body, 
and ſome prickles f projecting out of the tail; 
by the help of theſe the Beetle probably pierces 
the leaves. But this is merely conjectural; nor 
have I obſerved it, being then engaged in other 
buſineſs. 

On the zoth of Auguſt, one of theſe Nymphs 
was changed into a Beetle, Fig. x11. after it had 
ſome days worn the appearance of a beautiful 
Nymph. When at the ſame time, I opened 
ſome other ſpots of the Willow-leaves; a great 
number of Nymphs preſented themſelves on the 
inſide; which when, after caſting their skin, they 
were changed into Beetles, I obſerved, eat thro' 
the leaves, and made very conſpicuous holes. 

I have been informed by many travellers, 
that in hot climates, Worms are found in leaves 
an inch long : on theſe many fine experiments 
might have been made, if the inhabitants of 
thoſe places had not laboured under the curſed 
thirſt of gold, and prematurely broken the 
thread of life with intemperance. This Bee- 
tle is divided into a very beautiful head, thorax 
and tail. The eyes are very black, of a reticu- 

lated 
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lated conſtruction, Tab: XLIV. F ig. x11.'2, 
and fituated in the head at a very little diſtance 


from one another: under the eyes is ſeen a 


black; crooked ſnout, full of little cavities, and 
of a ſubſtance between bone and horn &, and 
on the for of the ſnout are placed the teeth 
of this Beetle. The little horns are very diſcer- 
nible, and are of the ſame colour with the ſkin 
of people who have been much expoſed to the 
ſun : they ariſe very gracefully from about the 
middle of the ſnout cc. They are each com- 
poſed of eight joints, and are fo thick at their 
ends, that they may very properly be called 
præpilata, or knobbed horns. The thorax 
conſiſts of a very black horny bone, and is 
full of white hairs, and little cavities z from 
the lower part of it ariſe fix legs ddd; they 
are of a moderate thickneſs, but flenderer at 
their extremities. Theſe legs are covered with 
hairs, and with little irregular eminencies ; in 
colour they reſemble the horns. Each leg con- 
fiſts of fix joints, and each foot of four, of 
which the laſt are armed with two nails. The 
ſecond joints of the two hinder feet are ſome- 


what blackiſh,” and much thicker in propor- 


tion, than the ſame joints in.the fore legs. 
The reaſon of this difference ſeems to be, 
that the former contain ſome very ſtrong muſ- 


cles, by means of which this inſe& can ſpring 


on its hinder feet in the ſame manner as Flies, 


but ſomewhat flower. I ſaw one of them 


make a leap of three inches and a half, which is 
about twenty-eight times the length of the crea- 
ture's body. The caſes of the wings are like- 
wiſe black ee, Wut covered with a fine white 
down, and are ſurrounded with a ſmall bor- 
der; they are alſo ribbed, and full of cavities; 
notwithſtanding which, they ſhine like the beſt 
poliſhed” looking-glaſs. The wings are mem- 
branaceous, and twice as long as the caſes, ſo 
that to defend them, they muſt be folded 
up, which they accardingly do in a moſt ex- 
quiſite contrivance. Tho' I could eaſily pro- 
cure inſects enough of this kind, I could not 
find time to difle& them; for which reaſon J 
have nothing to ſay of their eggs, or of their 
genital, and other internal parts. 


An account of ſome ſmall Worms that are bred within the new and tender leaves 
of Willows, and afterwards change to Flies. 


N the twenty-eighth of June I obſerved, 

in looking over ſome Willows, that ſome 
of their young leaves, which had but juſt 
made their appearance about the tops of the 
branches, began already to dry up and wither, 
Tab. XLIV. Fig. xiv. a. This was enough to 
engage my curiofity ; and accordingly, I im- 
mediately ſet myſelf to diſcover the reaſon of 
ſo ſudden a decay. On ſeparating theſe wi- 
thered leaves from one another, I found be- 
tween them many collections of living Worms, 
to the number of eighteen or twenty together b, 
and as it were, in the moſt friendly and ſociable 
manner. Theſe inſects were of an oblong 
figure, but ſomewhat broader in the middle 
than at the extremities, and of a moſt delight- 
ful bright orange or ſaffron colour. Some of 
them had already begun to make their webs, 
and others were employed in preparing them- 
ſelves for it. 

On this diſcovery I ſearched ſome other new 
leaves, and found in them a great variety of 
Worms of the ſame ſpecies, ſome more grown 
than others. I found alſo in ſome of the leaves 
the eggs from which theſe Worms had been 
hatched ; but they were lodged only between 
the folds of the leaves, and not within their 
ſubſtance, as was the caſe in the laſt obſerva- 
tion. | 

Theſe Worms lived merely upon the juices 
flowing from the leaves where I found them ; 
but as this juice is very tough or viſcous, it may 
naturally contain ſufficient . nouriſhment for 
them, and ſo render unneceſſary their preying 
on the ſubſtance of the leaf itſelf. Whether 
this juice flowed ſpontaneouſly from the leaves, 
or whether they made incifions in them to ex- 
tract it, is a thing which I cannot take upon 


me to determine. I never ſaw any of theſe 
Worms ſtir from under the folds, and'wrin- 
kles of the leaves, but obſerved, that they con- 
ſtantly crawled under cover, from one cavity to 
another, till they had attained their full growth, 
and the embryo limbs contained under their 
ſkins, were arrived, by the due degrees, at a 
proper ſize, to prepare for their ſucceeding 
appearance. 

When the leaves, whoſe greenneſs and 
growth is deſtroyed by theſe Worms, begin 
to harden and dry up, the Worms, without 
ſtirring from under cover, form themſelves 
webs, in which they at length become Nymphe. 
They make their webs ſtronger and thicker 
about the head and thorax, than elſewhere, as 
theſe parts are to be the chief ſcene of the en- 
ſuing changes, and of the growth of new 
limbs; and therefore require an extraordinary 
bulwark to defend them, eſpecially as the 
leaves about this time grow very hard and 
rugged, and therefore more apt to cruſh, and 
otherwiſe hurt the encloſed inſets. As theſe 
communities of Worms live under one cover, 
and in a kind of brotherly ſtate, on the ſame 
ſpot, they form their webs one cloſe to another, 
without any diſturbance and encroachment one 
on another. 

The Nymph of this Worm is very ſmall, 
but it exhibits, notwithſtanding in its parts, the 
figure of the future Fly. It loſes all manner 
of ſenſible motion, except in the tail, which it 
is ſtill able to ſtir with great violence. On the 
fourth of July, I obſerved that theſe inſects were 
turned to Flies, which appeared through the 
microſcope, of a moſt delicate conſtruction, 
Tab. XLIV. Fig. xv. The head reſembling 
that of a pin, was joined to the thorax by a 


very 


ſcarce differed in colour from 


* 


the head, were placed two oblong horns. It had fix 


long black legs, and wings longer than the body, 


which glittered like mother of pearl. The body 
of the Worm. 
This Fly, when moving through the air, ap- 
pears no bigger than an atom of duſt. It is very 
priſing how ingenuous theſe little animals 
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very fine and ſlender neck. On the forepart of 


are in depoſiting their eggs within the tender 
buds of w_ leaves as are fit to afford ſhelter and 


nouriſhment to the Worms that ace to riſe from 


them, that, by this means, they may be able, in 
obedience to the immutable laws of nature, to 
renew their ſpecies from year to year,” and con- 
tinue it even to the end of the world, 25. 


0 f Worms which are found encloſed in tubercles like Roſes, that appear on the tops 
of Willow branches; and likewiſe in many of the dwarf Willows that grow upon 


eaths and commons. 


W E not unfrequently ſee a tubercle formed 
at the ends of Willow branches, in the 
ſhape of a Roſe ®, and which the learned Mouf- 
fet accordingly calls by that name, Fig. xv1. . 
In ſome ſeaſons, theſe tubercles appear in great 
numbers, and in others, they are ſcarce. I once 
obſerved, in company with Meſſieurs Thevenot 
and Henon, that there was hardly a fingle Wil- 
low branch in all the open country, that hes near 
a little ſea-town called Egmont, which had not 
one of theſe tubercles at its extremity. 

After breaking off the external leaves of this 
tubercle, there appears in the middle an aſſem- 
blage of other tender leaves, in form of a pear, 
Fig. xv1. &; which lie one over another, in the 
{ame manner with the innermoſt leaves of 
the Cinara or Artichoke, ſo as to make it neceſ- 
ſary to pull them off one by one, Fig. xv11. c. 
in order to obtain a fight of the Worm, d, which 
lies hid within them, wrapped up in a tender 
and delicate membrane, or kind of web, e. 


This Worm lies there in an inverted poſture, with 


its head the loweſt, and its tail the higheſt part 
of its body ; and it is ſo narrowly confined within 
its web, and in the ſurrounding leaves, that it 
ſeems very probable, it cannot either move at all, 
or, at moſt, not without great dithculty : in this 
reſpect, it differs extremely from all the other 
Worms that have been before deſcribed, On 
extracting it from the place of its birth, f, its 
body appears compoſed of various rings, and is 
ſomewhat ſlenderer towards the tail, than the 
head. Its colour is of a florid red, and by no 


means unhandſome. 


The food of this Worm is no other than the 
juices of the Willow, flowing to the extremities 
of the branches, where the inſe& is moſt conve- 
niently placed to receive them. There is not 
the leaſt excrement to be found with this Worm, 
nor indeed with thoſe laſt defcribed, which 
makes it probable, that, like the fœtus, while it 
lives in the mother's womb, and is there ſub- 
ſiſted by nouriſhment, taken in after a peculiar 
manner, theſe inſects retain their excrements till 


they appear in the Fly-ſtate. I omitted unfor- 


tunately diſſecting this inſect, though, by doing 
fo, I might have attained perhaps a ſatisfactory 
ſolution of this uncommon circumſtance. I could 
not have found any difficulty in inveſtigating the 


matter that way, as I could eaſily have procured 
what number of theſe inſects I pleaſed : but our 

ligence and inattention are ſo great, that we 
generally deſpiſe thoſe things that are under our 
hands, to ſatisfy an inordinate curiofity of know- 
ing and poſſeſſing thoſe which lie at a greater di- 
ſtance, and are hard to be obtained. The beſt 
of us muſt own himſelf ſo far the ſlave of vani- 
ty, as to be more defirous of producing any 


thing foreign and unheard of, than that which 


is ſpontaneous in our own country. Though 
the Majeſty and Wiſdom of God, the fountain 
of all revealed wonders, moſt evidently ſhew 
themſelves the objects of our love, praiſe, and 
adoration, equally in every creature. 

A fault of the ſame inexcuſable kind, made me 
forget myſelf fo far, as to negle& examining the 
egg of this inſet, though the little roſe, which 
had firſt engaged my attention, is produced 
merely to cheriſh it. This is plain from the Wil- 
low branches never bearing any ſuch excreſcen- 
ces, unleſs theſe Worms are in them ; for, when 
the parent inſects happen not to depoſit their eggs 
at the extremities of the branches, they ſhoot 
into ſeparate leaves of the common form. Theſe 
Worms perform their changes for the Fly-ſtate 
at two different periods, namely about mid-ſum- 
mer, and in ſpring, when the Willows begin to 
bud. Thoſe which aſſume the Nymph-ſtate, 
Tab. XLIV. Fig. xv11. g, in ſummer, without 
ſtirring from the place of their birth, in a few 
days after become Flies, Y. But ſuch as happen 
not to be changed to Nymphs till autumn, con- 
tinue encloſed in their covertures till the enſuing 
ſpring; when, on the ſun's nearer approach, they 
likewiſe become Flies : all theſe Flies immedi- 
ately betake themſelves to the Willows, where 
they may be ſure their offspring will find conve- 
nient food and lodging. | 

The Fly is of a middle fize, but of a very de- 
licate conſtruction, The extremity of its body 
is armed with an aculeus or ſharp weapon, by 
means of which, it may open a paſlage for its 
eggs into the tender tops of the Willow branches. 
It has two horns on the forepart of its head, two 
membranaceous and conſiderably long wings, and 
ſix long ſlender legs, formed very like thoſe of the 
common Gnat. As to its colour, I forgot to 
obſerve it particularly, Thoſe Flies which I 


This peculiar excreſcence of the Willow, we have very common in the fenny counties in England. I have ſeen them on the 
edge of Lincolnſhire, as large as a common red roſe, and very double. In this ſtate they make a very beautiful, as well as peculiar, 
appearance: and our old Engliſh botanifts, who were not acquainted with this part of natural hiſtory, ſuppoſed the tree a diſtin ſpe- 


cies, and called it Salix Roſea, the Roſe. Willow. 


dried, 


dried; in order to keep by me, are of a dark 
gray. I have ſometimes obſerved four Flies to 
proceed from one of thoſe Willow roſes, but 
they were four times leſs than thoſe kinds, 
which require each a whole roſe to itſelf. Theſe 
ſmaller Flies were of a reſplendent jetty black 
colour, had fix legs, and ſhorter horns than the 
other kind, Their two wings were adorned 
with a black ſpot, each in the middle of its ex- 
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tremity : ſome of them alſo were provided with 


a ſharp aculeus or weapon at the tail &. 


At preſent I can ſay no more of theſe Flies, 
being ſo much taken up with other buſineſs at 
the time of my writing theſe obſervations, that I 
have not leiſure duly to reviſe them. I muſt 
therefore refer this taſk to another opportunity, 


if it ſhould pleaſe God, the diſpoſer of all things, 


to offer me the means of performing it. 


Of certain Worms without feet, found in the Hazell nut. 


HESE Worms are ſo common, and ſo eaſily 
to be had, that a deſcription of them may 
ſeem in ſome degrees ſuperfluous. Their bodies are 
white, ſoft and hairy, their heads are red, and armed 
with two ſharp teeth, with which, in autumn, 
they bore themſelves a paſſage through thoſe 
nuts in which they had hitherto refided ; but 
which they then forſake. Theſe Worms may be 
found ſometimes lying in hundreds together, at 
the bottom of drawers and baſkets, in which 
hazel nuts have been kept. I have often formed 
a reſolution of examining accurately the nature 
and diſpoſitions of theſe Worms, but have not 
as yet an opportunity of doing ſo. Nevertheleſs, 
I ſee no reaſon to doubt, but that they, as well 
as all other animals, derive their origin from an 
egg, thruſt from abroad into the ſubſtance of 
the young nut, or perhaps into the bud or flower, 
out of which it is to be formed, as has been al- 
ready obſerved, of many other little animals of 
this kind. 

There is no keeping theſe Worms in dry 
boxes; for they will live in this confinement but 
a few weeks, But in pretty moiſt ſand, ſome of 
them have ſurvived with me the rigour of a 
whoie winter, and lived to the 24th of March; 


and all that time without any food. Some of 
them, after undergoing this ſevere treatment, 
were yet vigorous enough to ſet about their mu- 
tations : but, by digging continually into the ſand, 
in order to ſatisfy my curioſity, in ſeeing what 
they were doing, I wounded ſo many of them, 
that as yet I have not been able to diſcover what 
kind of creature they finally become. 

I obſerved beſides, that ſome of them bur- 
rowed much deeper into the ſand than others; 
and I even found ſome at three inches under the 
ſurface. I never could perceive any web about 
them, nor do I believe that they form any, as they 
always appeared lying in the fand entirely naked. 
Nevertheleſs, I do not think there is any reaſon to 
doubt, but when theſe Worms eſcape from the 
nuts, and leave the hazel ſhrub to live in or un- 
der the ground; they, in this laſt ſituation, 
change to Nymphs, and afterwards, in the en- 
ſuing ſpring, to a kind of Flies, which again 
depoſit in the tender rndiments of young nuts, 
eggs, like thoſe from which themſelves origi- 
nally were produced. It would be no difficult 
matter to aſcertain, by experiment, the truth 
of this conjecture, 


Of Worms found between the two coats of the Alder-leaf. 
FIRST OBSERVATION. 


ON examining ſome Alder-leaves on the 2oth 
of Auguſt, I obſerved the ſubſtance lying 


under the ſurface, formed by the internal coat of 


the leaf, was in many of them irregularly gnawed 
away in little angular cavities, without any paſ- 
fage to the outſide of the leaf, that I could diſ- 
cover; nor had the leaves, in which theſe cavities 
appeared, loſt any thing of their greenneſs or freſh 
hue, as the Willow-leaf juſt ſpoke of had done. 
The internal coat, hollowed in this manner, roſe 
conſiderably above each hollow, into a kind of 
little canopy, Tab. XLIV. Fig. xv111. a, whereas, 
on the oppoſite parts, the other fide of the leaf, 
which is covered by the external coat, was only a 
little altered by a ſew ſmall wrinkles, 46 ; this no 
doubt was the true cauſe of the extraordinary 
roundneſs and convexity of the oppoſite tumor. 
On opening one of theſe ſwellings, I diſ- 
covered between the two coats of the leaf now 
ſpoken of, a perfect web, formed exactly like 
that of the Moth in its Worm-ſtate; and, on 
opening this web, I diſcovered a Chryſalis, c, in 


point of ſhape and conſtruction, plainly belong- 
ing to the ſecond mode of the third order of 
changes. The ſkins under which this inſect 
had lived in the Worm-ſtate, lay near it under 
the ſame web. I could alſo diſcern that it was, 
by means of this web, the Worm Had reduced 
the ſurface of its cavity, formed by the external 
leaf, to the appearance already deſcribed, On 
each ſide of the web lay the Worm's excre- 
ments. 'The method uſed by this Worm, to 
form itſelf, between the two coats of a leaf, a 
cavern or neſt in which it may conveniently 
perform its mutations, is certainly one of the 
moſt ſurpriſing objects that natural hiſtory offers 
to our conſideration. 

As to the Worms themſelves, I could not diſ- 
cover any of them, or any of the eggs, out of 
which they muſt have been hatched. In all the 
leaves I examined for this purpoſe, there appeared 
nothing, only webs; ſo that the ſeaſon, for 
finding eggs or Worms was certainly elapſed, at 
the time when I looked for them. The Chry- 


The females have all of them this weapon at their tail; the males never. The reaſon is very plain, for its uſe is to bore a hole 
zn which to lodge the eggs; therefore only the female has occaſion for it. 'This author has obſerved the ſame on other occaſions, in 


various ſpecies of Flies, 


falis, 
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falis, viewed through a microſcope, plainly ex- 
hibited the form of the Butterfly, to which it was 
thereafter to be changed. It was oblong, ſome- 
what flatted and broad on the fore part, where it 
terminated in a point, Tab. XLIV. Fig. x1x. a, 
whilſt its hinder part grew gradually narrower, ſo 
as to reſemble a pyramid or cone, . Each fide 
of the body was covered with a few, very deli- 
cate hairs, cc. Its ſurface was of a pale brown 
colour. The eyes appeared on the head, dd, 
and under them a double trunk e. A little lower 
down, and juſt by this, the firſt and ſecond pairs 
of legs were ſeen, ff. The antennæ or horns, 
which were of an extraordinary length, extended 
from the eyes to the very extremities of the two 
firſt pairs of legs, gg gg. Near theſe lay the 
wings, 55. The hinder pair of legs was placed 
between the antennæ, and ſtretched beyond the 
extremities of theſe parts, 7. The body conſiſted 
of ſeveral rings, & &. This Chryfalis looked as 
if it had caſt its ſkin but a few days, and it 
moved i:s tail very vigorouſly, making uſe of it to 
turn itſelf, and indeed to move from one place 
to another, 

On the 26th of Auguſt, two of theſe Aureliz 
yielded two very elegant Butterflies, leſs than 
Moths of cloaths ; but like them in colouring 
and ornaments, as may be ſeen by the draw- 
ing 1 have given of them, where they are re- 
preſented of their natural ſize, Fig. xx. It 
is hardly poſſible to conceive a more beau- 
tiful little animal, than what this Butterfly ap- 
peared to be, when viewed with a microſcope, 
Fig. xx1. It conſiſted of a head, thorax, and 
abdomen. The head was furniſhed with two 
antennæ or horns, aa, and a ſhort and crooked 
double proboſcis or trunk, 5. From the ſhoul- 
der blades of the thorax ſpring four wings, 
and from the under part fix legs. The wings 
were partly of a mere membranaceous ſub- 
ſtance, and partly compoied of delicate fea- 
thers, or icaly hairs. The upper pair ſhone 
and glittered moſt gloriouſly with creſcents of 
gold, ſilver, and brown, cc, ſurrounded by 
borders of a delicate black: beſides this, they 
had a black ſpot at the extremity of each. 
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Moreover, theſe extremities were edged with 


little feathers, which made them look like a 


creſt, when they lay cloſe upon the body, ne 


folded over the other. The lower wings are 
likewiſe in a great meaſure covered with fea- 


thers, dd, and are of a pale colour, and fil- 


very brightneſs. Along the middle of the 
wings there runs a membranaceous little ſtem, 
from which iſſue the feathers that, in a man- 
ner, compoſe them; and even this ſtem has, 
as it were, its own ſcaly feathers to defend and 
adorn it. | | 

All the ornaments beſtowed with ſuch pro- 
fuſion on the wings of this little inſect, conſiſt 
in reality of feathered ſcales of different lengths, 
and various diverſified colours; and they are 
divided, more or leſs, into lateral branches, 
like the feathers of the larger winged animals, 
The colours are more lively or faint, according 
as the ſcales forming them le together - in 
greater or ſmaller quantities; and from the 
ſame conſtruction, and contrivance alone, re- 
ſults all that ſtriking variety in- the wings of 
Butterflies: for, on rubbing of their feathers, 
they appear entirely even and plain, like the 
ſurtaces of all other membranes. | 
The legs of this Butterfly are entirely co- 
vered with the ſame kind of plumage, and 
they are divided into joints: every extreme or 
loweſt joint is armed with two little claws. 
The hinder legs have, beſides theſe, three little 
white prickles, or ſpurs, Tab. XLIV. Fig. xx1. 
ee. The body is divided into rings, and co- 
vered likewiſe with feathered ſcales of a bright 
filver whiteneſs. This little animal, being put 
in a box that had ſerved to keep Brazil-ſnufF, 
began immediately to tremble, and in leſs than 
two minutes expired in a convulſion that ſeized 
every limb. As yet I have made no more ob- 
ſervations of this inſet. The ſurpriſing man- 
ner wherein the Worm, from which it is pro- 
duced, neſtles and feeds between the coats of 
the Alder-leaf, will, I hope, alone be judged 
ſufficient, to recommend to the curious what I 
have ſaid upon this occaſion. 


SECOND OBESE RTST TON 


HE oth day of Auguſt I found, between 
the ſame coats of Alder-leaves, a flattiſh 
Worm, of the ſize and form repreſented at 
the letter 4, Fig. xvIII. as it appeared on re- 
moving from it a part of the coat belonging 
to the leaf on which it had fed. The body 
was oblong, and ſomewhat broader about the 
thorax than at the belly or tail. The head 
was large, of a pale brown colour, ſomewhat 
flattith or depreſſed ; and on its fore part fur- 
niſhed with two eyes, and a pair of ſharp teeth. 
From each fide of the lower part of the thorax 
there aroſe three legs. In the tranſparent body 
there appeared a little green ſtreak, produced 
by the Worm's food. Counting tae head and 
tail, this Worm conſiſted of twelve rings. 
I diſcovered alſo, that this inſet had caſt a 
{kin, in the fame place where I found it. The 


internal ſubſtance of the leaves, where it re- 
ſides, ſerves it for food ; and it had accordingly 
gnawed this ſubſtance away, without offering 
to touch the adjacent coats, into a great many 
windings and turnings. As this parenchyma, 
or pulpy matter, had been but lately devoured, 
the leaf, even in the ſpot where the devaſta- 
tion had been made, ſtill retained its verdure; 
but ſoon after it withered, and changed to the 
colour of the leaves of the Alder that fall in 
Autumn. The external coat of the leaf, in 
which the ribs appeared, was very ſtrong and 
thick; but the other ſide, or internal coat, was 
very thin and delicate. The excrements, which 
were at firſt green, and then grew black, rolled 
freely backwards and forwards within theſe 
two coats. I could not diſcover in theſe leaves 
the ſmalleſt opening, by which the encloſed 

Worm 
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Worm might be ſuppoſed to have inſinuated 
itſalf into their ſubſtance. Some of the Worms 
within theſe coats were dead, which I attri- 
- buted to the ſtriking of the leaves againſt one 
another with the wind; or to their withering 
and wrinkling up, for want of nouriſhment ; 
or, finally, on account of other external inju- 


ries. As yet I have had no opportunity of | 


THIRD OBS 
On the 3 iſt of Auguſt I found, within the 


ſame coats of certain Alder- leaves, a third 
ſpecies of Worms which had no feet, and were 
divided into twelve rings. This 2 had a 
much rounder body, Tab. XLIV. Fig. xvi. e, 
than the firſt, with a very ſmall head and teeth. 
The back and belly were diverſified with va- 
rious white ſpots, which appeared through a 
yellowiſh green tranſparent ſubſtance, and 
ſeemed to me to be ſo many particles of fat. 
The neſt which this Worm had gnawed itſelf 
within the coats of the leaf, was not fo ſpacious 
as thoſe of the two Worms laſt treated of; and 
ſometimes one neſt contained two Worms, 
which lived and fed together in common; but 
in this caſe, the neſt was ſomewhat larger. In 
another leaf I found two of theſe Worms, 
that had each formed itſelf an oblong web, f. 
In the ſame place I alſo found their excrements, 
and the ſkins they had caſt off. 3 

Theſe webs were red, as were alſo th 

ſhrivelled coats of the leaf that contained 
them. On opening one of theſe webs, in 
hopes of finding a Nymph, I met with a 
Worm, which as yet had ſuffered no change, 
except that of being grown a great deal ſmaller 


89 
tracing this inſe& through its changes, ſo that 
I have nothing more to ſay here concerning it, 
but that it was very delicate, and moved itſelf 
but weakly. On taking it from within the 
leaves, it died in a day or two. The Alder is 
not the only tree inhabited by theſe Worms i 


they are to be found alſo on the Pear and 
Apple, and many other kinds. 


ERVATION. 


than before; and it was impoſſible it ſhould 
not have loſt ſomewhat of its bulk, conſider- 
ing the great quantity of filk it had drawn 
from its body, to form itſelf a covering. Four 
weeks after this, I opened another web, little 
thinking that I ſhould meet with a ſecond diſ- 
appointment, yet ſo it happened; for there was 
no Nymph even yet, but only the Worm lay 
there quite unaltered. I have therefore laid 
by ſome of theſe webs, in order to diſcover 
next year, if poſſible, what kind of an inſect 
they produce, which is poſſeſſed of the ſur- 

ifing art or power, as a faculty of burying 
its eggs thus ſubtilely within the two coats of 
leaves. When theſe Worms are very ſmall, 
their neſts, which they gnaw themſelves, are 
very ſmall likewiſe, Tab. XLIV. Fig. xvi. g; 
but they widen proportionably by degrees, b 7, 
as their inhabitants grow bigger and bigger. 
From whence I conclude, that the holes in 
which they have been originally depoſited, in 
form of eggs, muſt have been of a minuteneſs 
almoſt beyond conception. But, as yet, I have 
no experiments or obſervations to enable me to 
ſay any thing certain on this head, 


The ſame ſubjef continued. Hiſtories of inſets that are found in fruits, tubercles 
or warts, and leaves of plants. An obſervation on the common Thiſtle grow- 


ing in the fields of H. olland. 


Wing about the middle of ſummer into 
the country, in order to find leaves for 
Caterpillars I was at that time feeding, I hap- 
pened to obſerve on a common Thiſtle, not as 
yet arrived at its full growth, a yellowiſh ſlen- 
der Fly, Tab. XLV. Fig. 1. a, with a large 
head, red eyes, two ſhort antennæ, and wings 
very elegantly coloured. This inſect had thruſt 
out, to a very great length, the extremity of 
its uterus or womb ; and was employed in en- 
deavouring to bore, by means of this part, a 
hole into the ſubſtance of the leaves, wherein 
it might depoſit its eggs. This curious ſight 
could not fail of engaging my attention, and 
accordingly I ſpent a long time in viewing it, 
equally aſtoniſhed at its novelty, and overjoyed 
at having an opportunity of ſeeing, with my 
own eyes, the manner in which this kind of 


2 


inſects attack the plants, which are proper to 
afford their Worm- offspring a never- failing 
food and ſhelter: as likewiſe to obſerve their 
method of conveying into theſe plants the eggs 
from which their Worms are to proceed. In 
that part of the plant where theſe eggs have 
been depoſited, — afterwards grows a large 
globus, or round tumour, in ſubſtance not un- 
like the calix or cup of the Hazel- nut, which 
by degrees becomes ligneous, and hardens to 
a more compact ſubſtance, reſembling wood; 
Within theſe ſwellings there appear, here and 
there, certain white Worms, which change 
firſt to Nymphs, and then to Flies. Some 
pretend this Worm, carried in a purſe, alon 
with its tubercle or ſwelling, is good againſt 
the piles, 


Of 
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Of Worms found within the tubercles or ſwellings of the ſtinging Merrle. 


T is very remarkable, that even in ſome. 


= ſtinging . Nettles we meet with Worms, 
which are deſtiture of feet, and derive their 
origin from a very ſmall but yet diſcernible 
egg. Theſe excreſcences are found on the 
Nettle, in a great variety of forms. Some are 
produced upon the ſtalk, Tab. XLV. Fig. 11. 
43; others on the ribs of leaves, or the tender 
buds, 5: ſome again lie confuſedly, here and 
there, all over the ſurface of the leaves, c. 
The ſubſtance, of which theſe ſwellings are 
formed, is very hard and Fs ts which 
makes it an eaſy matter to crack them. In 
colour they are ſomewhat of a yellowiſh green. 
On the 28th of June I found a great many, 
both eggs and worms, in theſe ſwellings. The 
ſmalleſt of them contained each one egg; 
thoſe ſomewhat larger, a worm; and the 
largeſt of all, which were compoſed of two 
or three of theſe ſwellings growing together, 
afforded ſhelter to two, three, or eyen four 


Worms of different ſizes, and all this at one 


time. 

The largeſt of the Worms I diſcovered at this 
period, were exactly of the ſame ſize with that, 
whoſe form, taken from the life, I exhibit in this 
figure, Fig. 111, 4 This Worm, viewed with 
a microſcope, appeared ſomewhat broad, and de- 
preſſed in the middle, e, and armed on its fore- 
part with a delicate ſlender ſnout, /; its body 
was almoſt white, but a yellow ſtreak appeared 
within it, which the Worm's tranſparency ren- 
dered very diſcernible. I found afterwards that 
this was an inteſtine, and that the colour of it 
was entirely owing to its contents. The ſkin of 
theſe Worms had ſome delicate hairs ſcattered 
looſely here and there over its ſurface, g. 

On opening ſome more of the ſwellings on this 
plant on the third of July, I found ſome of the 
encloſed inſets were changed into Nymphs. Such 
of them as had lately caſt their ſkins were white, 
but the older Nymphs exhibited a variety of 
colours. Theſe Nymphs belong to the firſt mode 
of the third order; for it was eaſy to difcover in 
their limbs the form of the future Fly. They 
very plainly appeared to conſiſt of a head, thorax, 
and belly, In the head, I could diſcern two re- 
markable eyes, Fig. Iv. b, of a reticular form, 
which were beginning to look red; and on the 
ſides of the head the horns, legs, and wings, 


* So far as I have obſerved in theſe caſes, the Fly, when perfect, gets | 
by the natural opening of the tubercle. Sometimes the ſubſtance is fo hard, that the Fly is forced with great 
way out: in other inſtances, the covering is by this time become nothing more than a thin, dry, and brittle membrane; 


were curiouſly folded up, and might be ſeen 
ſpringing from the thorax. The rings of the 
body were very conſpicuous, and it had a little 
tail bent back, ſo as to lie over them in a very 
elegant manner, i. All theſe parts, the legs and 
wings ex d, were changed by degrees from 
white to yellow, which they afterwards loſt, to 


aſſume a deep brown colour, and finally a perfect 


On the ninth of July, many of theſe tubercles 
were burſt ; and no longer contained 
any inſets, but only ſome of the caſt-off ſkins. 
This gave me room to judge, that the Nymphs I 
had obſerved on the third of this month, had paſſed 
in the interval from that time, into the Fly- ſtate, 
and my conjecture was confirmed by what hap- 
pened in the tubercles I kept at home in boxes. 
To me it appears probable, that all theſe tu- 
bercles open of themſelves *, at the time when 
the encloſed inſet has iis wings, and is in rea- 
dineſs to launch out into the air; and this may 
ſerve to account for my finding Nymphs at this 
very time, in ſome other tubercles which re- 
＋ —— which had not as yet acquired 
their proper colouring, nor ſtrength enough to 
caſt their ſkins. F | 

The Fly thus produced E, is furniſhed on 
the forepart of its head, with two longiſh black 
horns. The head is of a duſky brown, with 
a fine tinge of blueiſh green: and the eyes are 
red : from the upper part of the thorax ariſe 
four membranaceous wings, and from the 
lower fix legs of a colour between red and 
white. In the males the body ends in a little 
tail, divided into two ſtiff hairs, or in a forked 
manner; ſo that this Fly is to be referred to 
the order that takes its name from this circum- 
ſtance, Biſetæ; but in the females, this part 
terminates in a pointed weapon. The breaſt 
and body of theſe Flies is of a very delicate and 
reſplendent green, like that of Spaniſh Flies, 
or Cantharides, ſo as to afford, when viewed 
with the microſcope, a moſt entertaining and 
elegant ſpectacle. I unfortunately omitted diſ- 
ſecting theſe inſets. To preſerve theſe Flies 
and their Nymphs, I extend their limbs on 
white paper, and there faſten them down with 


a little moiſt ſtarch, for they are too delicate 


to be fixed upon pins. 


out of the tubercle two ways, but both are by violence, not 
labour, to gna its 
and the 


ſucceſſive ſwellings of the Fly's head, which have been mentioned on a former occaſion, burſt the rind and let it out. 


Of 
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& 7 HE Oak-tree affords ſhelter and nouriſh- 

ment to as great a variety of inſets as the 
Willow; of this, at preſent, I ſhall produce 
only two inſtances. The firſt I take 25 the 
inſects which, breed within a Kind of downy 
or ſoft excreſcence at the extremities of the 
branches; the ſecond from certain other kinds 
which we find encloſed in a moſt remarkable 
and ſurpriſing manner, within the tubercles 
ariſing on the leaves. This woolly or downy 
excreſence, of which I now intend to ſpeak, is 
found in the form of a ball, Tab. XLV. Fig. 
vi. aaa, and is made up of a ſoft thready mat- 
ter, like wool or cotton : it is compoſed of very 
delicate hairs, running in every direction ſo as 
to form a very firm and ſubſtantial web; but 
the hairs are not very ſtrong in themſelves, for 
they are hollow, and look as if they conſiſted 
of ſmall globules. They ariſe from the foot- 
ſtalk, or 2 tops of the Oak branches 6, and 
ſometimes from the, leaf, which in many in- 
ſtances ſhoots, as it were, from the central 
part of the excreſcence c, ſo as to appear en- 
tirely ſurrounded with this down. But the 
principal foundation of theſe hairs is no other 
than * little oblong hollow bags or tubes, 
Fig. vii. d, if I may give them that name, 
which are at firſt of and tender like purſes, 
but afterwards harden to the firmneſs, as it 
were, of wooden pipes. 

Each of theſe cavities is conſtantly found to 
contain one Worm, which lies hid, and grows 
in them, till it changes in the Summer months 
to a Nymph, properly belonging to the firſt 
mode of our third order. Nevertheleſs, as I 
have already often hinted, I rank theſe inſets 
in the fourth order, becauſe they perform their 
changes in a dark and myſterious manner, 
which nothing but the indefatigable diligence 
and attention of the curious can bring to light. 
It is owing to this that theſe inſects | Wi been 
hitherto treated, not according to the laws com- 
mon to other animals, in which the great 
Creator has been pleaſed more openly to ma- 
nifeſt his glory, but according to falſe notions, 
ſuggeſted by our human ignorance and preju- 
dice. I muſt here, however, do juſtice to the 
illuſtrious Redi; who has treated the works of 
nature in a very different manner, and thereby 
reſcued the operations of that great but ſubor- 
dinate agent, from thoſe thick clouds of dark- 
neſs which human error and ignorance had 
raiſed about them: by what other name can 
we call that abſurd opinion, which attributes 
every thing to chance and putrefaction. Cer- 
tainly, whatever allowances we may make on 
this occaſion, to the generality of mankind, 
thoſe among them, who would be thought 


Of the Worms that are found in ſome downy excreſcencies of Oak-trees. 


people of ſenſe and learning, are altogether in- 
excuſable in countenancing ſuch a thought: 
This groſs error is the natural conſequence of 
mens manner of proceeding, when contented 


with fitting quietly .in their ſtudies, and look- 


ing over books, they neglect to trace the ways 
of God, the great Author of all things, in his 
works, which ſurround us on every tide, neg- 
lecting them, to follow the delufions of their 
own feeble imaginations. | 
The cavities now mentioned, are ſometimes 
found to the number of ninety, or even a hun- 
dred, or more, growing through one another; 
and wrapped about in the woolly down, or cot- 


oo matter that is lodged in the ſame place: 
e 


n the Worms, encloſed in them, have 
changed to Nymphs, and afterwards acquired 
their proper degree of ſtrength, they each throw 
off a delicate kin, and are thus turned to ve 
ſmall Flies ; then they bore with their teeth 
through both the nde tubes in which they 
hitherto have lain concealed, and the down that 
ſurrounds them, and then iſſue forth at a great 
many openings, Tab. XLV. Fig. vi. ee, in a 
very entertaining manner. On this occaſion, 
ignorant ſpectators are loſt in wonder, and form 


to themſelves variety of ſyſtems to explain ſo 


unuſual an appearance ; but when they come 
to relate their opinions, we generally find them 
void of reaſon, and altogether ridiculous, 

The Fly produced from theſe Worms, is di- 
vided into a head, thorax, and body, Fig. viii. FN, 
The head is furniſhed with eyes, and it has 
two long antennæ. From the upper part of 
the thorax ſpring four membranaceous wings, 
that ſhine like mother of pearl, and the upper 


pair are adorned alſo with two black ſpots, and - 
with ſeveral very pretty ramifications of the 


nerves. To the under part of the thorax are 
fixed ſix tranſparent legs of a delicate rediſh 
brown colour. The body conſiſts of ſeveral 
rings, and is armed, at its extremity, with a 
weapon of an oblong form that is plainly diſ- 
cernible : no doubt, this is the inſtrument with 
which the inſect pierces the Oak branches, in 
order to depoſit its eggs within their ſubſtance. 
This Fly is altogether black in the body. I 
have not yet had the good fortune of diſco- 
vering its eggs, either in the excreſcencies 
wherein they are hatched, nor in the body of 


the female, as I never have diſſected any of 


them, I made the foregoing obſervations on 
the 26th of June, when a great many of theſe 
ſurprifing Flies iſſued from their neſts, which 
they likewiſe continued to do, till the 8th of 
July. The males were ſmaller than the 
females, | 
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Of ſome little inſefts that are found concealed in the tubircules, or ſwelling of 
Oak-leaves, in ſo artful and wonder ful a manner, that the foregoing relations 


miſt yield the preference to their hiſtory. 


HE obſervation I am now about to exhi- 
bit, is ſo uncommon in its kind, that na- 
ture perhaps cannot furniſh any thing to excel 
it. On this occaſion the infinite power and 
wiſdom of the Great Sovereign of the univ 
ſtrikes our eyes with its full luſtre, and indeed 
ſo plainly ſhine forth in his creatures, that we 
muſt conſider the meaneſt of them as ſo many 
voices. engaged in publiſhing his praiſe; and 
thereby putting us in mind to yield him that 
tribute of love and adoration, which .we owe 
on ſo many accounts: us, I ſay, on whom he 
has beſtowed the ineſtimable faculties neceſſary 
to inveſtigate and conſider him in his works. 
To proceed with due order in this relation, 
I ſhall firſt deſcribe the excreſcences of the 
Oak-leaves, in which theſe wonders are 
found ®, and add a figure to render the de- 
ſcription more intelligible. I ſhall then, in 
the ſame manner, give a ſatisfactory account 
of the inſect bred in theſe excreſcences, as it 
appears in the Worm, Nymph, and Fly-ſtate. 
As to the excreſcences themſelves, the parti- 
culars in them moſt worthy of our attention, 
are their ſituation, conſtruction, figure, colour, 
and ſize. Their ſituation is irregular, and it is 
pretty like that of the excreſcences on nettle- 
leaves already deſcribed. Some lie on the fore 
part of the leaf upon or cloſe along the ſides 
of its nerves or ribs, Tab. XLV. Fig. x11. 4a. 
Others appear in the middle of a leaf, ſeated 
upon the main rib, 5. And ſome, in fine, are 
ſcattered confuſedly about the edges, cc. 
Theſe tubercles conſiſt of a hard, knotty, 
and compact, but brittle, ſubſtance, without 
the leaſt toughneſs; ſo that, in this reſpect, 
they very much reſemble a cartilage. But, 
upon the whole, I know nothing to which this 
ſubſtance may be more juſtly compared, than 
to the cup or covering of the hazel-nut or fil- 
bert, before it ripens, or has been pulled. 
Theſe tubercles, or ſwellings, are formed be- 
tween the two coats of the oak-leaf, and ac- 
quire their hardneſs when the delicate parent 


Fly has buried its eggs there. Theſe tuber- 


cles are ſometimes round, ſometimes oval or 
oblong; and we often meet with two, three, 
or four of them growing into one, ſo as, in a 
manner, to compoſe but one continued body. 
Their colour is generally a deep green, ſome- 
times a watery ſky-blue, and in ſome inclining 
to white and yellow. In point of ſize they 
differ greatly, according to their age, or per- 
fection of growth, and their joining two or 
more into one tubercle, 5. 


I have not as yet had the ſatisfaction of ſee- 


ing the firſt rudiments of theſe tubercles, which 


firſt I took notice of by mere chance, in com- 
pany with my much honoured friends, the 
1 8 N magiſtrate of Niewenrode and his 

dy, in the Hague-wood, from whence I took 
many of them home to examine at my leiſure. 


I ſhall, therefore, now deſcribe thoſe wonders 


I obſerved in them, in the courſe of a moſt 
diligent inquiry. In one of the largeſt of theſe 
tubercles, which I opened by paring off its up- 
per part, Fig. x11. 4, I found a pretty large 
cavity, in which there again appeared three 
other peculiar or ſeparate excreſcences, e. As 
to the manner of their coming there, it is more 
than I can conceive. Theſe ſmaller excreſ- 
cences lay ſingly each within a kind of hollow, 
but without any partition between them. On 
taking out theſe three ſeparate excreſcences, /, 
I found that in figure they greatly reſembled a 
kidney-bean, which has one ſide more convex 
than the other. On inſpecting them with a 
microſcope, they looked as if they had been 
connected by the middle to a kind of pod, by 
means of a petiolus, or little ſtalk. fk 
Theſe ſingularities ſerved only to make my 
curiolity more eager, to examine attentively the 
other tubercles that I had taken home with 
me; and I found them all filled with the mi- 
racles of the Great Creator. On ſeparating in 
the middle a tubercle, that wanted a great deal 
of being arrived at the ſize and perfection of 
that already deſcribed, I found no hollow or 
void ſpace within it; but only two ſuch pea- 
ſhaped ſubſtances as I have before taken notice 
of, and two little Worms, which I had cut in 
two, along with thoſe ſubſtances. All this is 
plainly ſhewn in the figure I give of them, 
Tab. XLV. Fig. xiv. little larger than na- 
ture; in which may be ſeen the two diſſected 
or cut ſubſtances, ſituated in the middle, and 
about them the ſubſtance of the tubercle, by 
which they are cloſely ſurrounded, like the 
ſeeds of an orange by its pulp. I could like- 
wiſe obſerve, that the external coat or ſhell of 
the tubercle was much more compact, and of 
a greener colour, than the inſide; which dif- 
ference I have endeavoured to repreſent in the 
figure, as if there had been a ſeparation 
between the differing ſubſtances, though, in 
reality, there is no ſeparation in this ſtate of 
the production. | 
On opening a third tubercle, that was ſome- 
what more grown, I could diſcern that its in- 
ternal ſubſtance was drying up by degrees, and 


The Worms found in tubercles of leaves, and other parts of plants, are all owing to the eggs of winged inſets. Their parents 


are of three kinds : 1. Butterflies, 2. Beetles. 3. 
by its form. If it have no feet or legs, it is the 1 


and will be changed to one. If it have more legs than this num 


4 


or Moth. 


aggot of a Fl 


Flies. We may know, at ſight, to which of theſe kinds any Worm belongs 
A If it have fix legs, and no more, it is produced from a Beetle, 


it is a Caterpillar in miniature, and will change to a Butterfly 


ſeparatin g 
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ſeparating from the encloſed kidney-bean-like 
ſubſtance; by which means this came at laſt 
to lie in the tubercle as within a hollow, and 
to reſt againſt one fide or another of this hol- 
low. In this manner I plainly diſcovered, that 
the three detached ſubſtances, in the tubercle 
I firſt opened, had obtained, by evaporation, 
that wonderfully elegant fituation in which I 
found them. This diſcovery was afterwards 
confirmed by all the other tubercles, and their 
internal ſubſtances. On my firſt obſerving 
theſe ſurpriſing changes, without knowing the 
ends which Nature intended to anſwer by them, 
I looked upon the whole as a moſt inexplicable 
riddle; as did likewiſe the ingenious perſons 
then in my company: for our walk was made 
merely with a view of regaling ourſelves, toge- 
ther with a contemplation of the ſtupenduous 
miracles of the Univerſal Parent. 

We find in nature many other things, which 
agree and correſpond with what I have been 
juſt now relating. The ſeeds of apples and 
pears, buried within the fleſh of their reſpec- 
tive fruits, fall off, little by little, from their 
coats and cups. The ſame thing is obſervable 
in the kernels of filberts when they grow dry, 
and even in the nut itſelf or filbert, which at 
laſt drops from its cup. But what is altogether 
ſingular and uncommon, in the tubercle now 
under conſideration, is, that this ſubſtance, 
which ſeparates from it, and lies looſe within 
its body, ſhould contain a living Worm. 

When theſe ſubſtances, in conſequence of 
the hollow occaſioned in the tubercle by a 
large evaporation, have newly become looſed 
from it, their circumference is ſomewhat rough 
and uneven; but as it dries, it grows even and 
ſmooth to the naked eyes: but the microſcope 
always diſcovers on the ſurface the remains of 
the —— ruggedneſs, Tab. XLV. Fig. xv. g. 
In the ſame manner the ſpot, at which this 
ſubſtance received its nouriſhment, never en- 
tirely diſappears ; but remains diſcernible to 
the laſt, in the form of a little cicatrix or 
ſcar, 5. 

The ſubſtance of theſe internal nodules is 
at firſt ſoft and tender; but it afterwards 
hardens and dries up, and aſſumes a browniſh 
red colour, which it never afterwards loſes ; fo 
that, when viewed within the hollow of its 
green tubercle, it affords a moſt 1 ſpec- 
tacle. When thoroughly dried, it is of a 
pretty compact and firm texture; and in re- 
ſpe& to its coat or cruſt, it greatly reſembles 
the rind of a cheſnut, only this laſt is much 
thicker. But neither theſe ſubſtances, nor 
the Worms they contain, are all of the ſame 
ſize. | | N 

Likewiſe the number of theſe contained 
within the tubercles, varies greatly. In ſingle 
tubercles, every one lies by itſelf in its own 
particular hollow ; but it is the reverſe in the 
double or more compoſed tubercles. Some- 
times alſo, though three or four tubercles grow 
in one, all their inner ſubſtances have notwith- 
ſtanding each its own little cell, ſeparated by a 


93 
kind of diaphragm or diviſion. _ The ſpots on 
which theſe ſubſtances grow within the tuber- 
cles, is generally a little moiſt or damp, which 
keeps them from rolling about. The cavities 
alſo of the tubercles wir in ſize, which I at- 
tribute to the tubercles themſelves having been 
ſome bigger than others, or to their having 
been dried up in different degrees. But, in 
zeneral, there is found only one detached ſub- 
ch in every tubercle. | 
On opening one of theſe ſubſtances, that I 
had taken out of its tubercle, I found in it a 
living Worm, compoſed of many rings, as I 
have repreſented it, larger than nature, on the 
middle of the Oak leaf, Tab. XLV. Fig. x11. 
m. The figure of this Worm was oblong, 
and its colour white. On its back appeared a 
gray ſtreak, approaching to black; which 1 
afterwards, on diſſecting the Worm, found to 
be no other than one of its inteſtines, which 
appeared through its tranſparent ſkin, and 
owed its colour to the half-digeſted food 
which it contained. In other Worms this 
ſtreak was ſometimes brown, ſometimes red, 
yellow, or green, owing to the cauſe already 
aſſigned. This little Worm lay in its bean- 
like ſubſtance in the form of a creſcent, quite 
free and looſe on every fide. I could not even 
diſcover in it any umbilical veſſels, or other 
connecting filaments, by which, according to 
the vulgar opinion, it might have drawn in 
its food. It moved and turned itſelf about at 
pleaſure in this little habitation, being very 
vigorous and lively. There appeared no ex- 
crements in the cell, nor yet the leaſt open- 
ing by which it could empty them. The 
hollows of the tubercles were equally free 
from any foulneſs of that kind : every place 
was perfectly neat and clean. 
Nevertheleſs I ſhall not deny that this little 
inſet received nouriſhment within its co- 
vering, fince the contrary is plainly ſeen 
from the altered food which appeared in its 
inteſtines, in the form of excrements. Hence 
I . conclude, as a certainty, that this Worm 
ſubſiſted on the juices of the Oak-leaf, which 
were conveyed into the cavity of the ſubſtance 
by its ſtalk, and that it took in theſe juices 
with its mouth. As this aliment, no doubt, 
is of the moſt refined kind, there is the leſs 
reaſon to wonder at the Worm's not 8 


any excrements, in conſequence of its uſing ſo 


fine a nouriſhment, On the contrary, retain- 
ing within its body the little that was ſecreted, 
till an opportunity offered of diſcharging it 


all together, when it ſhould be turned to a 


Fly in due courſe of time, and freed from its 
confinement. It is common with ſeveral in- 


ſects, produced from Nymphs and Chryſal- 


lides, to evacuate their excrements very copi- 
ouſly, within the firſt quarter of an hour Aer 
their appearing in the Fly- ſtate. Nor is there 
any reaſon to wonder at a creature's being able 
to grow without diſcharging any excrements, 
ſince new-born Lambs and Calves furniſh us 
daily inſtances of this kind. Theſe animals 

Aa never 
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never void any excrements at the anus, 
they are dropped from their mothers ®.  _ 
1 think it probable that the ſabſtance of the 
tubercles does not begin to dry up, till the en- 
cloſed Worm, having attained the full term of 
its growth, becomes mature and ready for the 
Nymph-ſtate ; and even at this time, the lower 
part of the ſubſtance till continues moiſt, fo that 
the encloſed inſect may, at this period, alſo draw 
nouriſhment through it, from the aſcending 
juices of the tree, in caſe it ſhould happen to re- 
quire any, Thus we have another inſtance 
of God's all-ſeeing providence, which, with ſo 
much goodneſs, watches inceſſantly over his crea- 
tures; and this jnſtance is the more ſtriking, as 
the lower part of the bean-like ſubſtance grows 
looſer and drier by degrees, on the Worm's ac- 
tually entering into the Nymph-ſtate ; ſo that 
the moiſture I Have been ſpeaking of, begins 
little by little to dry away, when the time a 

roaches for this Nymph to appear abroad in the 

ly-form, Sometimes indeed the detached ſub- 
ſtances, at this period, are found quite looſe in 
the cavities of their tubercles. _ 

One of theſe Worms, which I had extracted 
from its bean-like ſubſtance, lived, notwith- 
ſtanding, from the fifth of June to the fifth of 
July. When the Worm has received ſufficient 
nouriſhment, it draws the rings of its body cloſer 
to each other, Tab. XLV. Fig. xv1. It after this 
caſts a delicate ſkin, and at length aſſumes the 
form of a Nymph, which is at firſt white all 
over, but grows blacker and blacker by degrees, 


* 


in the ſame proportion as the encloſed limbs of 


the future Fly acquire ſufficient ſtrength to ex- 
pand and produce themſelves, At this time, 
there very plainly appear on the Nymph's head, 
two reticulated or net-like eyes, Tab. XLV. 
Fig. xvII. a 4, and underneath in the thorax, the 
two teeth, which were before diſcernible in the 
Worm. Along the body lie the antennæ, 6 6, 
and between them the ſix legs, and the wings 
neatly folded up. The rings of the body ſhow 
themſelves very diſtinctly in the lower part, c. 
refer this Nymph to the firſt mode of the third 
order of natural mutations, as it clearly repreſents 
the limbs of the future Fly, in the ſame manner 
with the Nymph of the Ant. | 

The two figures I give of this Nymph repre- 
ſent it, one of its natural fize, Fig. xv111. the 
other as it appeared through the microſcope, Fig. 
XIX, It is divided into the head, breaſt and body, 
The eyes are ſeated in the head, and before 
them are placed two moderately long antennæ, 
a a, The breaſt bears four wings, 36; the upper 
pair, which are the largeſt, are ſtretched over 
the body ; to the under part of the breaſt, are ar- 
ticulated fix red legs, each armed at its extremi- 
ty with two claws, cc. The belly of the fe- 
males is thick, ſwollen, or diſtended ; but it ter- 
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minates in a ſharp point, d, whith perhaps the 
creature makes uſe of as a weapon, to bore the 


Oak leaf, and aſterwards as a channel to convey 
the eggs into the hole made in that manner. 
The furface of the body is ſmooth all over, as if 
poliſhed, and is of a ſhining deep black, which 
gives the Worm a pretty appearance, Theſe Flies 
oke from their confinement the 28th of June; 
but I diſſected none of them, ſo that I can fay 
nothing of their eggs, or of their genital parts, 
We are now to conſider another wonder, equal 
to any of thoſe I have yet related; and this is 
the ſingular and uncommon manner in which 
the all- wiſe, and all- powerful Architect has pro- 
vided for the delivery of theſe Flies, without 
their meeting with any oppoſition. At the time 
the Worm has attained the Nymph- form, the 
encloſing tubercle begins to grow thinner and 
thinner by degrees, at a certain determinate and 
ſelect ſpot. This circumſtance I have endea- 
voured to repreſent in a tubercle, where I found 
two detached ſubſtances, Fig. xx. i i; nor is Na- 
ture content with only reducing the thickneſs of 
the tubercle in this manner; but ſhe likewiſe or- 
dains things, ſo that it dries up and hardens in 
the ſame place, in order to make the perforation 
of it, by the teeth of the Fly, eaſier than it other- 
wife would be. The little priſoner, on its be- 
coming a Fly, firſt gnaws through the inner 
ſubſtance, and then through the tubercle itſelf, 
a round hole, Tab. XLV. Fig. x11.” &, juſt 
large enough to afford it a free paſſage to its new 
element, | 
We may know of a certainty, when theſe in- 
ſets are about to turn to Flies; for the dry ſpots 
at which the Flies are to make their way, ap- 
very obviouſly on the ſurface of the tu- 
bercles, JJ. On inſpecting theſe tubercles again, 
a few days after the 28th of June, I found many 
of them perforated, and that the Flies bred 'in 
them had made their eſcape, fo that nothing re- 
mained in them but the detached ſubſtances, which 
were likewiſe perforated. The tubercles wrinkle 
and wither away, for the moſt part, on their inha- 
bitants quitting them. Theſe wonders all return 
with the ſucceeding year, and thus call upon us 
without ceaſing, to publiſh the praiſes of their 
Author, who has openly manifeſted Himſelf in 
all his creatures, and has given to man alone, 
amongſt all ſublunary beings, the faculty of 
knowing Him, In what a bad light therefore 
muſt thoſe appear, who, unaccountably blinded 
by their ignorance, dare to oppoſe the exiſtence 
of that all-watchful and adorable Providence, by 
fooliſh arguments! Behaving in this manner, and 
working their own deſtruction, they debaſe them- 
ſelves below the rank even of beaſts, and deſerve 
to be conſidered as monſters in the nature of 
things, 


* Beſide thoſe Worms which proceed from eggs let into the ſubſtance of the leaf by the parent Fly, there are ſome, both of the 
Fly and Butterfly kind, which only drop their eggs upon the ſurface of the leaf, and faſten it on by a glutinous matter. The 
Worms and Caterpillars hatched from theſe, the moment they burſt from the egg, make their way through the outer coat of the 
leaf, and get into the ſubſtance, They thus live under cover till they change. 


Of 


«A 


JEL excreſcence of the Dog-roſe, as to its 
external ap , is not altogether un- 
like that of the Oak repreſented in Fig. vi. of 
this plate, though it is not of a woolly, but on 
the contrary; of a ſpungy ſubſtance, in ſo much 
that it may, with great propriety, be called the 
ſpunge of this ſhrub. The colour, when dried, 
is a blackiſh gray; and in the ſame ſtate, the 
furface of it is full of little cavities and prominen- 
cies, Fig. Ix. 24. It grows as the other, at the 
extremities of the branches, where it ſtands 
upon the center, juſt as the bud of the Roſe 
does upon its ſtalk . On opening this ex- 
creſcence, we find in it a great many cells, 
Fig. x. c, full of little white Worms of diffe- 
rent ſizes and ages. Theſe Worms aſſume, 
by degrees, the Nymph-form, in the ſame 
manner with all the Worms living in excreſ- 
cences, that I have hitherto mentioned; and 
under this form they moſt manifeſtly exhibit 
the limbs of the future Fly : this happens 
about the end of ſummer. 

I had the pleaſure of (obſerving two ſpecies 
of Flies iſſue out of theſe ſpunges, thro holes 
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Of certain Warms that feed within the ſpongy excreſcence of the 
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og-rofe, 
ey. had made in them for that purpoſe. The 
firſt ſpecies was not unlike the F 2 * I 


been | poofiuced, at my houſe, from the tuber- 


cles of the Oak, only, that they had ſomewhat 
thicker bodies, Tab, XLV. Fi XI, d, with 
black eyes, and all the reſt of them was of a 


rediſh brown colour. The other ſpecies e were 
of the Biſetæus kind, or had two hairs at the 
tail, though this character was peculiar to the 
males. They had likewiſe, in common with 
the firſt ſpecies, four wings and fix red legs. 
Their bodies were oblong ; and their heads, 
which hung to the thorax by a very ſlender 
neck, were furniſhed with a pair of rediſh eyes, 
Their bodies all over ſhone like thoſe of the 


Cantharides, or Spaniſh Flies, with a gilded 


green, ſo as to afford a very entertaini c- 
tacle. Theſe Flies did = all — wars} 
at the ſame time, but were employed for ſeve- 
ral days ſucceſſwely in making themſelves open- 
ings in their habitations : this they effected by 
gnawing the ſpungy ſubſtance with their teeth, 
into 2 great variety of holes and cavities, Fig. 
IX. V. 


A careful and exaft obſervation which I made on the tenth of Fuly, 1674, an the 
black Poplar, in preſence of the principal magiſtrate of Mieumenrode, and his 


lady; both very curious in examining the natural wonders of the creation, 


T HOUGH all the works of the Almighty 
T are wonderful, we may obſerve, that ſome 
publiſh his praiſes more manifeſtly than others. 
This appears moſt eminently in the various or- 

ns of generations beſtowed upon animals, 
and the Iifferent manner in which they uſe 
them ; for ſome declare, by evident and intel- 
ligible characters, the power and contrivance 
of the great Architect, whereas others repre- 


ſent it by marks that are ſomewhat obſcure 


and myſterious. 

On the tenth of July, 1674, as we were go- 
ing in a chariot to Scheveling, we faw ſome red 
fruit like Cherries hanging from the leaves of 
the Poplar-tree, in ſuch numbers, that the 

could not but ſtrike the eyes of all that paſſel 

by. When we viewed them near, it appeared 
to us, that they were ſo many rough tuber- 
cles, or extuberances, on the leaves of thoſe 
trees, Tab. XLV. Fig. xxl. a, each of which, 
when opened, ſhewed a great number of living 
inſects, to the amount of 60 or 70. Thoſe 
warts, or protuberances, which projected above 
the ſurface of the external coat of the leaves, 
were ſituated exactly under the middle of the 
nerves or ribs ; ſo that theſe nerves paſſed þ over 
them; being ſometimes a little higher, and 
ſometimes lower, according as the warts them- 

{elves projected, more or leſs, without any or- 

der from the leaf. Two warts were likewiſe 

ſometimes found, but very ſeldom, on the 
ſame leaf. Their ſize greatly differed ; ſome 
of them, as if young, were ſmaller; others larger 


and more {ſwollen ; a third kind alſo grew ſtill 
larger and higher than all the others. When 
we firſt ſaw theſe tubercles, we thought they 
were every way ſhut up or incloſed : but upon 
a more accurate examination, we found, that 
each of them had, on the inſide of the leaf, 
where they were ſmooth, an orifice c ſome- 
what long, thro which the inſe& paſſed at 
pleaſure. EO 

It is worth notice, that the leaf always ſwelled 
under its largeſt nerve, which it conſtantly ele- 
vated ; and likewiſe, that this tumor was only 
found about the nerve, and in the middle of 
the leaf. The reaſon of theſe circumſtances 


ſeemed to us to conſiſt in this; that the eggs 


of the inſect- inhabitants had been impreſſed on 
that ow only, and that the nutritious juice of 
the leaf was for the moſt part conveyed thi- 
ther. Thus it might eaſily happen, that the 


leaf might be there increaſed and inflated by 
the nutritious juice accumulated by the irrita- 


tion which had been produced by the lodgin 
of the eggs in the ſubſtance. And hence alſo 
we obſerved plainly, that the whole wart on 
the leaf was nothing elſe but a larger dilatation 
and expanſion of the leaf itſelf ; which cauſed 
the nerve, puſhed out at the ſame time, to be 
twiſted into various bendings and windings, 
which were very conſiderable dd in ſome of 

them. | 
It deſerved great conſideration to obſerve 
how regularly all theſe things are done. For 
when the leaf is newly ſtruck and begins to 
ſwell, 


© 
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ſwell, it firſt grows yellow, and thence in- 


ſenſibly red, and is at length expanded like a 


bag, or a hollowed Cherry. In the mean 
time, the two edges of this extuberance grow 
ſo exactly oppoſite to each other on the inſide 
of the leaf, and are, as it were, ſo united toge- 
ther, that the opening, or chink can ſcarce be 
perceived. This is regularly appointed in that 
manner by the Almighty, in the nature of 
things, leſt the eggs or the young Worms 
ſhould fall out of this their cells, or lodgings, 
or ſhould creep out before they have attained 
their full perfection, and are become able to fly. 
We have now faid enough of the external 
form of theſe tubercles. 

When we afterwards opened them, we found 
in the inſide the following very obſervable cir- 
cumſtances : in ſome we ſaw Flies full grown; 
in others, Worms with fix feet, which were 
real Nymphs of the ſecond order ; and alfo 
ſome Worms, which, not yet exhibiting the 
limbs of a Nymph, were only in their firſt 
growth. We alſo diſcovered there a downy 
white ſubſtance, and ſome tough fluids, which 
ſeemed to be encloſed in the membrane. 

To treat of each of theſe in their order, I 
ſhall firſt obſerve, that we found the inner ſur- 
face of theſe warts more ſmooth and flat, than 
the outward. We thought the reaſon of this 
difference was, that in the external ſurface of 
the warts, the ſmaller nerves, which are there 
diſtributed thro' the leaf, were dilated and ex- 
tended with the reſt. As to the paleneſs of 
the colour, we conceived, that the reaſon of it 
conſiſted in this, that the whole inner ſurface 
appeared ſprinkled, as it were, with meal and 
ſmall white grains of bran formed like dewn. 
From whence this downy matter draws its ori- 
gin, we ſhall examine preſently. We ſome- 
times obſerved ſomething, tho' but little, and 
that not frequently, of a roughneſs in the cavi- 
ties of the warts : but whether the cauſe of this 
was, that the old Flies, remaining there for 
ſome time, had ſcratched the ſurtace with the 
claws on their feet, we could not certainly 
affirm. 

The ſmalleſt Worms we found within theſe 
warts, were each divided, like perfect Flies, 
into the head, thorax and belly, Tab. XLV. 
Fig. xX11. In the head were ſeen two eyes 
and two antennæ. To the lower part of the 
thorax ſix legs were articulated. The reſt of 
the body was ſomewhat ſhort. They appear- 
ed to the naked eye of an azure or fine blue, 
but greeniſh under the microſcope. They 
caſt a ſkin in like manner as the other ſpecies 
of Worms. They alſo moved very quick, and 
were much more vigorous than the larger 
Worms, or than thoſe that were already 
changed into Flies. 

What deſerves moſt obſervation in theſe lit- 
tle inſects, is a heap of flocks or down, which 
each very beautifully and admirably carries e on 
the hinder extremity of its body. Whether 
that down grows out of the very body of the 
inſect ; which indeed is very likely, or whe- 
ther it be produced from the tubercle or wart, 

2 


and afterwards is lodged in the hinder part of 
the body of the Worm, we could by no means 
diſcover ; tho' we were moſt inclined to think, 
that the down grew from the body of the in- 


ſe; becauſe we no where ſaw it ſticking to 


the bodies of the more mature ones. 
In certain Worms, with ſoft bodies, that live 


| Expoſed to the ſun upon the leaves of the Lilies, 


have obſerved, that they heap together all 
their excrements on the hinder-part of their 
In others that lived among the leaves of 
Thiſtles, I have obſerved two ſtiff briſtly hairs 
ſtanding in the hinder-part of the body ; on 
which was always fixed the ſkin which the in- 
ſe& had caſt off, together with ſome excre- 
ments. Thus they lie under their ſkin, as un- 
der a pent-houſe, free from the ſun's heat, and 
walk up and down with it among the leaves. 
The firſt ſpecies of theſe Worms, at length, 
changes into a Beetle, of an orange red colour, 
with black horns and legs; but the other into 
a large Tortoiſe-beetle, in like manner, with 
black legs and a black body. ' Theſe two very 
extraordinary contrivances do not much differ, 
with reſpect to the down, from that which the 
inſea, whereof we here treat, carries on the 
hinder part of the body. We may likewiſe ſee 
from hence what miſeries all creatures are ſub- 
ject to in this vale of filth and calamities, finiſh- 
ing their lives continually under unhappineſs 
and misfortunes. | | 
The whole inner cavity of the wart, as I 
have already mentioned, is ſet as it were, or 
rather ſprinkled over, with that farinaceous 
down. And this, doubtleſs proceeds from the 
exuviæ, which the inſe& contained in it has 
caſt off. At the time they caſt the ſkin and this 
down together, they diffuſe it every where 
about by running up and down. Thisdowny 
ſubſtance is very elegantly divided into branches, 
and greatly reſembles that ſpecies of nitre which 
riſes out of walls newly built in ſome parts of 
Holland : when viewed with a microſcope, it 
ſeems like the ſmaller or branched moſs of trees. 
As to the food of theſe Worms, it is very 


hard to demonſtrate what it is: however, it is 


very certain, that they are nouriſhed within the 
cavity of their warts. Probably, that white, 
tenacious, and glutinous moiſture which I haye 
before ſhewn to be ſecreted within the watts. 
Hence, that humour is ſo: admirably ordered by 
the all-wiſe Creator, that it never flows away, 
nor does it wet, nor can it ſuffocate theſe little 
creatures. As it is ropy and clammy, the down 
immediately adheres to it, and performs the 
buſineſs of a membrane or bag, in which, as 
in a cloſe veſſel with a ſpout, it lies encloſed, 
and cannot run out of it, 

I compare them to thoſe cloſe veſſels, be- 
cauſe there are ſome of theſe bags of that 
figure, Tab. XLV. Fig. xx111. f. and by means 
of a hollow footſtalk, are fixed to the ſurface of 
the wart, where the humours, juſt now de- 
ſcribed, probably flows out of that excreſcence. 
Therefore, this is probably the real and only 
uſe the ſaid down is of to theſe warts, and to 


the 
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the little creatures, it forved to confine the moi- 
ſture. When this moiſture is conſumed, the 
downy integuments, which ſurrounded it out- 


in the ſecond order, becauſe they perform their 


change in ſo obſcure a manner, in the warts of 


the leaves. 


wardly, become curled g into each other like Theſe Nymphs, which are to charige, caſt a 


preſſed flocks of cotton ; and therefore ſeveral 
ſuch downy cluſters are found gathered toge- 
ther in the warts. Ms wr 

The bags juſt now mentioned, containing a 
Aid, are all furniſhed with a petioli, or foot- 
ſtalk, by means of which they adhere to the 
inner ſurface of the tubercle : but whether that 
fluid be the real aliment with which the Worms 
are nouriſhed, according to my opinion, or whe- 
ther they are there fed with ſome other matter, 
hasnot hitherto ap to us from experience. 
But this is certain, that theſe Worms have nei- 
ther a trunk, nor any teeth. Nature hath gi- 
ven them only an acute and delicate converging 
beak, not unlike that of the Cicada, which ſucks 
the dew : by this beak they can penetrate eaſily 
enough thro' the downy coat of their bags, 
and ſuck the moiſture before deſcribed. - But 
whether theſe creatures do really nouriſh them- 
ſelves in this manner, or not, I cannot yet af- 
firm, tho” it is very probable. | 

We poured a ſmall drop of water into the 
cavity of theſe warts; and it was immediately 
covered round with that farinaceous down, and 
was deprived of its fluidity to ſuch a degree, 
that when it was afterwards ſhaken on dry pa- 
per, it did not wet it, but ſlipt and rolled over 
it, and did not ſtick to it : this was a very 
agreeable fight. 


- 


There is not ſuch a great quantity of that 


down about the largeſt, as about the ſmalleſt 
Worms. On theſe indeed there grew four buds 
or rudiments of coverings of legs, on each fide 
near the ſhoulder-blades. I have repreſented 
them hh on each fide of the thorax, above the 
hinder legs. The principal caſes, or firſt buds 
of the limbs are, in reality, a kind of covers, in 
which the wings lie folded up. Therefore, 
theſe creatures may then be properly called 
Nymphs belonging to our ſecond order of natu- 
| tural tranſmutations ; for in that order, the inſects 
do not at all loſe their motion during the time 
whilſt they are changing into Nymphs ; but on 
the contrary, walk, ſtand, eat, and move about, 
until they change their skin; and having at 
length caſt their exuviæ, they aſſume, as it were, 
another ſtructure, and acquire only wings. This 
muſt be well obſerved. I would likewiſe have 
it remembered, that I have ranked theſe Nymphs 


The modern term for all Worms bred from the eggs of winged inſets in tubercles, or parts of vegetables, is Aſcarides. 


fine skin or integument, which is left in the 
cavity of the wart v. When this is caſt; they 


acquire, Fig. xx v. the form of delicate ſmall 
Flies, with four wings Theſe Flies are of a 


blackiſh colour, exceptthe membranaceous wings, 
which have brown nerves, and elſewhere ap- 
proach ſomewhat to red. The limbs, and other 
parts, that is, the head, thorax, abdomen, an- 


tennæ, eyes, legs, and the reſt, may be now ſeen 


much more diſtinctly in the inſet, now per- 
fectly mature, than when it appeared in the 
form of a ſix-footed Worm. 

The horns appear to be divided into fix joints; 
and are very beaatiful; they are compoſed, as it 
were, of grape-ſtones, or are like a ſmall piece 
of cinnamon, incruſtated or rough-caſt with ſu- 
gar, The eyes are conſiderably large, and reti- 
culated ; they appear very diſtinctly when the 
creature lies on its back. The beak is cloſely ap- 
plied to the lower part of the thorax, and is there 
ſeen extended downwards between the firſt pair 
of legs, juſt in the ſame manner as the Cicada. 
The wings, beſides their nerves, and the veſſels, 
wherewith they are elegantly diſtinguiſhed, ex- 
hibit two oblong black ſpots, with which they 
are ornamentet. 5 | 
This creature flies very flow ; indeed it does 
not move with ſo much ſwiftneſs as the ſmall 
Worm, out of which it is produced. I have 
not yet diſcovered, by diſſection, the difference 
between the male and female; nor have I ever ſeen 
the eggs of this Fly. I am inclined, however, 
to think, that they are lodged by the parent, on 
the inner coat of the Poplar-leaf: and that the wart 
or tubercle. here deſcribed, is afterwards formed 
there by nature, in order to hatch and. nouriſh 
them, and to keep them in ſafety. But how all 
theſe things are performed, we can yet only con- 
jecture: ſince they muſt be known, not by rea- 
ſoning, but from ſolid experiments. I ſhall 
here therefore furl my fails, and in amazement, 
celebrate the great Creator, who hath hidden fo 
many, and ſuch inexhauſtible natural and im- 
portant miracles, full of true knowledge and 
erudition, in his creatures; ſo that the air, the wa- 
ter, and the earth; the plants alſo, that vegetate 


therein, abound with them; and all vegetables 


and animals, however ſmall, proclaim the glory 


of the Supreme Being. 


Reaumer is the author who eſtabliſhed this. Some of them burrow deeper, others very lightly ; all get under cover of the upper mem- 
brane. The manner of their getting through it, when their parent inſects have lodged them on the ſurface, is various; the Cater- 
pillar kind eat their way ; the Worms of Beetles get in by breaking the ſurface with blows of their head. 
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Of the footleſs Worm of Cabbage-leaves, which properly belongs to the faurth ar- 
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0 N the 1th of Auguſt, 1 found on Cabbage 
leaves ſeveral footleſs Worms, and ſome of 


in the fore part ſomewhat pointed, but 1n the 
hinder part a little thicker, Tab. XLV. Fig. xxv1. 
They were alſo divided into annular ſegments, 
which a in the ſkin like ſo many ſmall 
inciſions. They were of a pale green colour; 
but they appeared variegated, by means of cer- 
tain white viſcera, which were ſeen through the 
tranſparent ſkin. © This creature was by nature 
very flow and heavy, though, when touched, 
it ſhewed greater agility and 8 Whe- 
ther it uſes Cabbage leaves food, or hunts 
there after ſome green little ſix-footed inſets, 
which are at length changed into Nymphs of the 
ſecond order, and from the latter into Flies; I 
have not accurately inveſtigated : I know ſome 
are of this laſt opinion. This Worm uſually 
ſtretches aloft the fore part of its body, in the ſame 
manner as an Elephant does its trunk, when it 
firſt begins to move and go forward. Therefore, 
I do not doubt, but it is the very creature which 
Goedaert deſcribed, Exper. XI. part 11, 

When this Worm hath at length fed enough, 
and its intergal parts have acquired ſufficient 
ſtrength to put on the form of a Nymph, it is 
then changed, Tab. XLV. Fig. xxv1:. and 
XXV111, into a real Nymph of the fourth or- 
der; which change is performed in the follow- 
ing manner: We firſt obſerve, that the Worm, 
before it caſts any ſkin, becomes inſenſibly ſhor- 
ter; that its head is entirely contracted on the in- 
fide, and at the ſame time it becomes thicker ; 
but the hinder part, by degrees, grows ſmaller, 
and more ſlender, the body thus loſes its former 
figure. For the blood, and all the fluids, are 
propelled forward to the new parts, which are 
now increaſed, and ſwollen under the Worm's 
uncaſt ſkin, and appear divided into the head, 
eyes, thorax, legs, wings, and body : this may 
be clearly ſeen, if this Nymph be artificial- 
ly ſtript of its yet uncaſt ſkin. One may like- 
wiſe ſee the ſeveral particulars beforementioned 
through the {kin itſelf; when the Nymph, be- 
ing ſome days old, begins to acquire its proper 
colours. 


As the colour of the Nymph, on the change 


is white, and is afterwards altered into a green, 
mixed with a pellucid white; the red eyes in the 
head appear, Fig. xxv111. 4 a, gradually through 
the tranſparent ſkin. The fame thing holds, 5, 
in regard to the thorax, which exhibits ſome 
pellucid hairs on its ſurface. In the hinder part of 
the body, the abdomen is ſeen through the ſkin, 
divided ccc into ſeveral rings, which are like- 
wiſe ſet with ſmall hairs. On one fide of the body 
is ſeen a wing d ſomewhat pellucid. Towards 
the hinder parts, and near the tail a curled little 
veſſel, Tab. XLV, Fig. xxv111. e, which indeed 
ſeemed. to me to be a pulmonary tube rolled 
Out. 
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length 
their Nymphs. The body of the Worms, was 4 


When this Nymph is grown older, and at 
becomes all coloured, then theſe parts 
molt diſtinctly, if the {kin be taken off: 
is will be evident from the magnified figure 
thereof, which 1 have given here. In this are 
diſcovered, Fig. xx1x. a, the Nymph's reticulated 
eyes; above and between which are two ſhort 5 
horns. The proboſcis or trunk is laid along the 
breaſt c, and near it, the firſt and ſecond pair of 
the fore legs, are ſeen to be beautifully diſpoſed, 
On each fide of the breaſt lie the folded wings, 
4d, and under them the laſt pair of legs, e. 
What deſerved the greateſt notice in this creature 
was, that the extremities of the genital parts, 
were placed, ff, as it were, beyond the rings 
of the body, and terminated in ſhaggy points: 
which are at length drawn into the body, when 
the Nymph puts on the form of a Fly. 

This Nymph is therefore a very uncommon 
one ; and though properly referred to the fourth 
order, yet it undergoes confiderable changes, 
and exhibits no more of its former ſhape than the 
ſkin only, which it does 'not caſt, but retains. 
The reafon why this Nymph ſo much differs 
from others, of the fame order is, becauſe it is 
inveſted with a tender and thin fkin, which ob- 
ſequiouſly accommodates itfelf to the growing 
and protuberant limbs within. All this I have 


explained in the preceding pages, where I treated 


expreſly of the nature of the fourth order. We 
muſt farther obſerve, that this Worm, when 
changing, is not diſengaged from the Cabbage 
leaf, as is the caſe in regard to many other 
inſets : on the contrary, it firſt glues itſelf thereto 
by a viſcous matter, which appears Fig. xxv111. 
Hy, like a thin membrane on the leaf. 

The Worm having had this form ſixteen or 
ſeventeen days, the hidden Nymph, then breaks 
open, and caſts off the outward ſkin, and at the 
ſame time draws a thin film off from the whole 
body, and from all the limbs, which is left on 
the inſide in the old ſkin. Thus the Nymph ap- 
pour, Fig. xxx. at length under the form of a 

ly. The young Fly is much ſmaller at firſt, 
than in a quarter of an hour afterwards ; for its 
parts are in that time inſenſibly extended, parti- 
cularly about the head and belly, ſo that the Fly 
becomes almoſt twice as large, in fo ſhort a time 
after it is produced; after which it never in- 
creaſes any more. If any one would know the rea- 
ſon how the body of this Fly is fo remarkably 
diſtended, it will appear, on examination, that 
it conſiſts in reſpiration, which fills all the pul- 
monary tubes, and pneumatic bladders with 
air; and theſe, on the other hand, expand the 
hitherto ſoft body of the creature, and give it a 
firm and durable figure. 

This Fly is beautifully divided into the head, 
thorax and abdomen, and has fix legs and two 
wings. Behind theſe, two little parts are obſerved 
to be fixed to the thorax, ſupported, as it were, 
by two fine footſtalks, with their extremities 

headed 3 
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headed ; ſe that they reſemble two latte ham- 
ers, which, the Fly ſtriking againſt the wings, 


forms the noiſe peculiar to it. The eyes are 


ruddy, the thorax is greeniſh; the abdomen, on 
the contrary, is yellowiſh, and is variegated with 
nan | , Sy 
I have often ſeen inſtead of the Fly, which 
is commonly produced from the Worm before 
deſcribed, eight other Flies iffuing out of its 


Nymph, which had indeed drawn their ori- 


0 
Of the Worms called Moths. 


HOUGH the Moth is a very common crea- 

ture, yet few know it; for it lies hid, and 
does not exhibit irfelf to open view ; for that rea- 
ſon it is the more miſchievous. Moths are in 
reality Vermicles, or Worms that live in woven 
cells, at all times, except when they build their 
neſts, in wool, ſkins, or birds feathers : in thoſe 
caſes, they uſually build themſelves j 


cells, becauſe they have both the habitation and 
food, which they then irregularly grind with 
their teeth, always ready. 
They build their habitations very artificially, 
fo that they are always larger in the middle, and 
narrower, Tab. XLV. Fig. xxxr. 4, on each fide, 
where the is: and that ſtructure does 
this ſervice to the Moth, that it can the more 
conveniently turn itſelf in the middle of its habi- 
tation, and go out through either orifice when 
neceſſary. It is alſo obſerved ſometimes, that 
the Moth ſpins a fine thread, eſpecially when it 
creeps near the walls and beams of houſes, ſeek- 
ing its food there; for this is of various kinds. 
In that caſe it forms this thread, to prevent falling 
down, when it ceaſes tries,» and goes into 
its cell ; for at that time only it angs ſuſpended, 
b, from the thread. I have likewiſe often ſeen, 
that the Moth ſpins this thread, when the ante- 
rior or forepart of its body has firſt crept c out of 
its little caſe, and endeavoured to fix itſelf ſome- 
where by means of it: but when the creature 
was afterwards inclined to .proceed further, it 
broke this thread, and going out of either open- 
ing of its cell, fixed it again in another place : 
and when this is done againſt a beam or wall, it 
forms a very beautiful ſight. | 
In order to deſcribe more particularly the little 
Moth, which J here exhibit in its natural ſize; 
I muſt obſerve, that with reſpect to its ſtructure, 
it is not unlike a ſmall Caterpillar. It has a glit- 
tering raven-black head; in which its eyes, and 
two ſharp-pointed teeth are placed. The reſt of 
the body is of a whitiſh or fleſhy colour. Six 
legs are fixed to the breaſt, eight in the middle 


of the body; and two are ſituated in the extre- 


mity of the abdomen under the tail. The Moth, 
however, never creeps out of its habitation, but 
by the fix fore feet; by the mo the other ten, 
it lies fixed in its little caſe : that is, when that 
Worm advances forward with its fix fore feet, 
then it takes hold of its cell within, with the 
ethers : and this too is the reaſon, why it always 
carries its caſe with it, not differ ing much in this 
reſpect from tortoiſes. | 


89 
gin from the Worms that feed on the internal 
parts of that Nyniph, and were changed within 
it, into ſo many ſmall Nymphs. When theſe 
linle Nymphe had at length grown into Flies, 
they flew out, aſter piercing the ſkin of the larger 
Nymph. [Theſe Flies had each fix red legs, four 
wings, and a body that glittered with a golden 


ſun's rays. 


But che Moth, while growing, always efitirely 
forſakes its caſe, when it is become too little for 
its body, being on account of the increaſe of 
bulk, obliged to form itſelf an intire new cell, 
into which, as into a new habitation, it after- 
wards repaics, after leaving the old one. 'The 
Moth never undertakesthat office, until compelled 


regular by neceſſity; that is, when the old habitation is 


not fufficient to cover its body. The inſtin& 


and ence of this creature, are moſt evi- 
dent hence, that in ng an habitation 


big enough for its body, it does not deſire large 
and magnificent buildings, which the folly of 
mankind fo much ſecks after. Man, whom God 
created with an- upright countenance, over-bur- 
thens himſelf with heavy labour, nay, he ſome- 
times periſhes under a multitude of houſes and 
apartments; the tapeſtry and hahgings of which 
are expoſed to this Moth, only to be gnawed and 
eaten for food, 5 

When the Moth leaves its former caſe, in or- 
der to form for itſelf an entire new cell, it does 
not get for that pu 
Italian marble: it prudently and ingeniouſly 
makes uſe of that matter which it finds near 
about it. When it lives in green cloth, it makes 
the outfide of its whole cell of a green matter; 
that is, the wool which it bites off the cloth, and 
artificially interweaves with its web: it lives on 
the ſame ſubſtance, and uſes it for food; and 
therefore its excrements are alſo green. It does 
the fame when it reſts or pitches on white, yel- 
low, red, blue or black cloth ; or when it finds 
in its way any coverlid, garment, or cap, that 
lies unuſed and neglected in a corner. If it can 
find none of theſe materials, it remains ip old 
old houſes, armories, repoſitories, and even 
in ſtone walls; it eats duſt and Spiders-webs, 
whereof it makes an habitation in the ſame man- 
ner. I have, on theſe occafions, ſeen it inter- 
weave ſmall bits of broken cement with its habi- 
tation, in order to make it ſtronger ; ſo that this 


creature makes every ſoil its country, and yield= 


ing to neceſſity, leads a happy life amidſt the 
miſeries to which we are ſubſect. 

The Moth never brings any foreign matter 
into the inner ſurface of its cell, where its body 
lies; conſequently nothing elſe is obſerved there, 
only the Moth's proper web, which being of a 
ſoft, ſmooth, and even texture, ſerves both for 
a habitation and bed. In this manner that Worm 
lives, till irs parts ate increaſed to their due per- 
fection under the ſkin: and at that time, it 


and very lively green, excelling the light of the 


rpoſe beams of cedar, nor 
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covers both the orifices of its little caſe, and caſt- 
ing of its old ſkin within, Tab. XL. V. Fig. xxxl. e, 
is changed into a Chtyſalis, which is pre ly re- 
ferred to the ſecond mode of our third order; 
becauſe it does not very 
of the inſect to be produced from thence: this is 
a nocturnal Butterfly, or Moth. When this in- 
ſect is ficſt changed, all its parts are beautifully 
white, but they afterwards grow inſenſibly yel- 
lowiſh, and at length acquire a faint red, which 
they finally preſerve. In the head, particularly 
the eyes, which are ſeen through the ſkin, firſt 
acquire their colour and perfection ; afterwards 
the whole body finally appears through the ſkin, 
of the ſame colour with the nocturnal Butterfly, 
to be produced from thence.  . | 

July 13th, the Butterfly appeared, 7, after it 
had lain twelve or thirteen days under the form 
of a Chryſalis, without food or motion, and its 
tender limbs had, by the evaporation of the ſu- 
perfluous humours, inſenſibly acquired ſufficient 
ſtrength to break open the outmoſt ſkin. This 
. Butterfly was provided with four wings, fix legs, 
two horns, and two black eyes. Its wings and 
body had many ſuperb ſcaly feathers, which very 
beautifully adorned the creature with various and 
agreeable colours. Theſe colours being viewed 
with a naked eye, reſemble fine flour, and may be 
eaſily reduced to ſuch a powder with the fingers: 


clearly exhibit the limbs 


- 
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and therefore, frail man, as mentioned in ſcrip- 
ture, is very properly compated to a Motb. 
This little creature, the Butterfly, is com- 
monly called a Moth; though it is noxious on 
no other account, but that it lays thoſe ſphe- 
roidal 7 out of which the real Moths, or 
eating Worms, are at length produced, in 
hangings and cloaths, in like manner as the 
Flies producing Maggots lay theirs in meat, 
fiſh, cheeſe, and meal. When theſe creatures 
fly or flutter about, thoſe who would preſerve 
treaſure from Moths, muſt be careful to keep 
them from it; for otherwiſe their negle& will 
be a great hurt to them, and cauſe much loſs 
and concern. 'Theſe ate the conſequences that 
commonly attend floth and negligence. | 
When this Moth hath broken out of its 
woven cell, it is always obſerved, - Fab. XLV. 
Fig. xxxl. g, to hang a little out of one ex- 
tremity of the ſkin, which the Chryſalis had 
caſt. But if the caſe itſelf be then opened, 
one may diſtinctly ſee how even and ſmooth it 
is woven, 5. I ſhould never finiſh, if I at- 
tempted to deſcribe and delineate all the ſpecies 
of Moths, ſince there is a great number and 
variety of them. I ſhould think, that what 
hath been hitherto ſaid is ſufficient, ſo that 
there is no need of more; for it is eaſy to know 
a Lion by his paw. 4 


Of certain Worms that, like the Moths, live in cells, feeding on the leaves of 
Pear-trees, Apple-trees, Plum-trees, and Cherry-trees. © | 


OBSERVATION I. 


1 Preſerve, in my collection, various and par- 
ticular ſpecies of theſe Worms, ſome of 
which form their cells of bits of wood, which 
they bite off; and hence are properly called 
Ligni perdæ: but of theſe I ſhall hereafter 
treat in another place. The firſt ſpecies of 
thoſe, of which I am to treat here, was ſhewn 
me on the leaf of a Cherry-tree, by the very 
experienced and celebrated Dr. Luke Schaght, 

rofeſlor of the Materia Medica in the univer- 
ſity of Leyden. I afterwards found it likewiſe 
on the leaves of the Willow and Alder-tree. 
The cell which this Worm inhabited was black 
as pitch, Fig. xxxIII. a; and conſiſted of a 
ſubſtance, as it were, of bark, and woven into 
wrinkles. Its hinder part was thicker than the 
fore part, and divided, as it were, into two 
lobes. Its foremoſt extremity terminated ſome- 
what acutely, and out of it crept its inhabi- 
tant, carrying this little caſe entire, obliquely 


creature is alert and 
ſwift. 


on its body ; but when the Worm reſted, the 
caſe ſtood perpendicular on the leaf. 

This Worm was, in regard to its ſtructure, 
ſcarce different from the Moth. When it has 
eat enough, it fixes itſelf to the leaf, near the 
opening of its cell, and is changed within it 
into a Nymph of the firſt mode of our third 
order, which 4 grows at length into a very 
beautiful Fly. On the head of this Fly, which 
is black, are placed two rediſh horns. Its tho- 
rax and abdomen are partly red, and partly 
black, It has four beautiful membranaceous 
wings, which ſhine like very fine Mother of 
Pearl ; and are likewiſe variegated, nearly in 
the middle, with two black ſpots. It has more- 
over fix red legs, which are divided into joints, 
each having two claws at its extremity. This 


ſprightly, and flies very 


OBSERYATIVON. IL 


Found a ſecond ſpecies of thoſe Worms, 

which carry their cell with them, on the 
leaf of the Alder-tree. This creature fed on 
the inward coat of the leaf, and therefore con- 
ſumed it all unto the nerves of that external 
coat. It does not differ much from the former, 
except in reſpect of its habitation, which it car- 


ries every where on its body : but in this there 
is a conſiderable difference ; that is, it is of the 
colour of the leaves that fall in autumn, tho' 
ſome of theſe cells are alſo found of a ſtronger 
colour. 
Fig. xxxlv. c, at the upper extremity : it ſwells 
a little in the middle ; but the part that con- 


This cell is triangular, Tab. XLV. 


tains 
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tains the body of che creature, is again con- 
traced, and therefore it is formed like a big- 


bellied cylinder. LEE 

T have ſeen three ſorts of creatures produced 
from theſe Worms; for as one of theſe ſmall 
creatures had, according to the ſecond mode 
of the third order, been changed into a Nymph, 
which aſſumed the form of the future Butter- 
fly, I at length obſerved a pretty little noCtur- 
nal Butterfly or Moth, not much different from 
the Cloaths-Moth, ſprung d out of it. I ſaw a 
black Fly e with two horns, four wings, and fix 
legs, produced from another ſimilar Nymph, 
which however ſhewed before the form of a 
Fly, according to the firſt ſpecies of the third 
order. But the moſt ſingular event of all was, 


fix or ſeven very ſmall f Flies, which, from 


more tender Worms, had been firſt tranſ- 
formed into Nymphs, iſſued out of another 
Chryſalis of ſuch a Vermicle as belonged to 


the ſecond mode of the third order; Whether 
this. be common, and conſtantly happens an- 
nually, as is the caſe in other Caterpillars ; or 
whether it be peculiar only to thoſe that in- 
habit the bright brown cells, in which only I 
obſerved it, I have not indeed yet learned from 
experienee. And, indeed, what man ean per- 
fectly inveſtigate all the changes of parts which 
happen, even in one creature. I am, in- 
deed, every monient taught by experience, 
that nature is, in regard to thoſe real cauſes, 
by which animals and their parts increaſe, in 
many particulars, 8 impenetrable to 
man. However, a firm and conſtant diligence 
hath, by degrees, diſcovered to me more than 
one could eaſily believe; though what we are 
ignorant of is, and will remain, much greater 
than all we know. Hence, indeed, we have 
knowledge of many things ; but our ignorance 
ſtill prevails and predominates. 


Of certain Vermicles or Worms, whoſe eggs are lodged in the bags wherein 
mut is brought to us. 8 


Should never make an end, if I attempted 
even to enumerate all the hidden changes 
of the Caterpillar and Worm kinds into winged 
inſects; fo fruitful and manifold is Nature in 
her genera and ſpecies! For this reaſon I ſhall 
only add the following obſervation, and after- 
wards finiſh this hiſtory of the fourth order 
with accounts of two Worms which live in 
tubes, one in the earth, and the other in the 
water; for the water abounds as much with 
theſe inſects as the land. | 
On the roth of July I found a great many 
ſmall white Worms, Tab. XLV. Fig. xxx11, 
in a bag, wherein muſk comes to us. All 
theſe had a reddiſh brown head, and black 
teeth. Six legs adhered to the breaſt. The 
body was covered with fine hairs, ſtanding 
erect. This muſk-bag was in a little box, not 
very cloſely ſhut, the bottom of which was 
covered with white paper, through which theſe 
Worms penetrated into the wood of the box, 
by various holes which they gnawed through 
it. And indeed thoſe holes, which are as con- 
ſpicuous in the paper as in the wood, moved 
the admiration of the perſons who viewed 6 
them. As they were bit regularly into a round, 
oblong, or oval circumference. I further ob- 
ſerved, that many of theſe Worms made them- 
ſelves in their caverns a pretty thick, oval, 
lemon-coloured web, whereon they had weaved 
many cotton-threads, after the bag of muſk 
had been placed in the cotton. 

When I opened theſe webs, I found real 
Nymphs in them, Tab. XLV. Fig. xxx11. d. 
which belonged to the firſt mode of the third 
order; for each very diſtinctly repreſented the 
limbs of a future Beetle. Some of theſe 
Nymphs were very white; but in others, 
which were older, the eyes were turned black, 
and the whole Nymph, from white, inſenſibly 
became tinctured with various colours; and 


was, at length, changed e into a very beautiful 


little Beetle, after caſting its ſkin. When theſe 


Beetles have newly caſt their ſkin, in which 
they appear like Nymphs, they are of a ſnowy 
white colour: they afterwards grow yellow by 
degrees, till at laſt they become of a duſky 
purpliſh hue, and afterwards always continue 
ſo: ſome of them, however, conſtantly pre- 
ſerved a colour between yellow and red. 

They are diſtinctly divided into the head, 
thorax, and belly. They have two black eyes 
in the head, juſt over which project two rediſh 
horns, thick ſet with fine hairs of the ſame 


colour. The thorax is likewiſe adorned with 


yellowiſh hairs, that glitter almoſt like gold, 
and exhibit fix hairy legs of the ſame colour 
with the horns, affixed to its lower region. 


The caſes or covers of the wings are divided 


with ribs; and the latter, together with ſeveral 
little depreſſions, are every where ſet, as it were, 
with fine hairs. This obtains chiefly about 
the ſhoulder-blades, and on the hinder part, 
where theſe caſes or covers are bent, near the 
extremity of the abdomen ; for they have a 
taft of whitiſh hairs in the fore and hinder- 
moſt parts. The under wings are membrana- 
ceous, and they very expeditiouſly fold them- 
ſelves under the ſheaths or caſes with which 
they are covered, notwithſtanding their being 
twice the length of the abdcmen. 

This ſpecies of Beetles may, on account of 
the conſtruction of the horns, be referred to 
the flying Capricorn kind. I have ſeen Beetles 
produced from ſome other ſpecies of Worms, 
that live on rotten and hollow wood; the horns 
of which were formed in the ſame manner as 
the Silkworm Butterflies. The only difference 
was, that all their diviſions or plates were ſe- 
verally jointed together. This ſtructure formed 
a very beautiful fight, and clearly demonſtrated 
the wiſdom and art of the Creator. This is ſtill 


Ce more 


SE 
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more evidently conſpicuous in the Fullo-Beetle, 
whoſe female is delineated in Mouffet; but it 
wants thoſe ornaments; which are found in 
many ſpecies of inſets, peculiar to the males, 
wherein they/are more beautiful than the fe- 


males. $\ abt art Tb gaz 
The Worms here. deſcribed feed on birds 


chief. They are found in ſeveral. places 


L 


wo 
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feathers, and therefore do a great deal of miſ- 
in 
Holland, and may be reckoned among the 
ſecond ſpecies of Worms that gnaw fleſh clean 
from bones; and therefore are very proper to 


I 


Of certain Worms which lie in little tubes or cells, 


OBSERVATION I. the, 


' Preſerve ſeveral ſpecies of tubes in which 
Worms live *; but I ſhall not, in this place, 
deſcribe them all. The firſt which There ex- 
hibit is formed by a Worm, reſembling a Ca- 
terpillar; which makes, Tab. XLV, Fig. xxxv. 
a pyramidal tube or pipe for itſelf, to which 
it afterwards faſtens, for greater firmneſs, vari- 
ous little parts, bitten off trom plants and leaves 


of trees; ſo that the ſurface of the tube re- 
ſembles thoſe chequered works, with which 
the doors of armories and caſtles were former- 
ly adorned: and with this beautiful cell the 
Worm walks and goes about, till it is changed 
into a winged creature, being diſengaged then 
from the burthen of its houſe and bed, which 
it was hitherto obliged to carry. 


OBSERVATION II.. 


HE tube, whoſe figure I here add, Fig. 

* XxxXxv1. to the former, is not leſs beau- 
tiful or artificial in its ſtructure. I found it 
in the ſalt water, on the coaſt of the German 
ſea. It is inhabited by a tender Worm with- 
out feet, having many gold-coloured briſtly 
hairs in the fore part of its head ; by the help 
of which it can gnaw innumerable grains of 
ſand, and join them ſo accurately together, 
that even the moſt nice artiſts muſt be aſto- 
niſhed at it, The inner ſurface of this tubu- 
lated and pyramidal cylinder is ſmooth and 
equal; but the external part is, on the con- 
trary, uneven. This difference proceeds from 
hence, that the creature can turn all the plain 
and poliſhed ſurfaces of the ſand inward, and 


leave the angulated and rough ſurfaces on the 


outſide. The figure, by which I repreſent this 
tube, exhibits only the third part of its natural 
ſize: it could not be all delineated otherwiſe, 
for want of room in the plate. I have not yet 
obſerved what kind of metamorphoſis this in- 
ſect undergoes. | 

It merits great conſideration, what kind of 
faliva or glutinous moiſture that is, by which 
this Worm can faſten the grains of ſand toge- 
ther in ſuch a manner, that the whole con- 
texture dries and hardens in the ſalt water. I 


muſt ingenuouſly confeſs, I am doubtful in 
this as well as many other matters; ſince I can 
by no means conceive how this piece of art is 
executed. I have obſerved, that many other 
aquatic inſects alſo frame a web or covering, 
under the water; the thread whereof hardens 
in the midſt of the fluid, in the ſame manner 
as the Silkworm-webs in the air. 15 
In regard to the other aquatic inſects, I have 
obſerved, that ſome of them form their cells 
of ſmall fragments of ſtones; others of larger 
pieces joined together; ſome of ſnail-ſhells, 
vrhich they have gathered up and faſtened to- 
gether; others again are made of pieces of 
ruſhes, various parts of plants, wood, and 
other materials : nay, I have ſeen ſome, which, 
when they were preparing for their change 
into tne winged ſtate, could weave very heavy 
ſtones into their cells, and fortify them, as it 
were, with a lattice-work of maſonry. They 
dived to the bottom of the water by this 
means, and, being there free from all danger, 
they changed and renewed their bodies. God 
1s therefore admirable, wherever he is mani- 
feſted : he hath repreſented his omnipotence 
and wiſdom in all his creatures; therefore, let 
him only be honoured and glorified to all eter- 


nity. 


The End of the Hiſtory of Inſecis that inhabit fruits, tubercles, leaves, and the like. 


* The name by which this kind of inſe& is generally called, at this time, is Tinea Campeſtris, the Field Moth. Reaumer, who | 
gave them this name, obſerves, that their origin and manner of life are the ſame with thoſe of the common Cleaths Moths; the 


only difference being, that theſe feed upon moiſt, the other upon dry food. 
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A Compariſon of the metamorphoſis, and, 
4 EY — allowed the expreſſion, a 
tranſcreti rts, ha ing in. youn 
Frogs, with that obſerved tobe Nye of 
inſets. | 
As, in the preceding ſheets, I have occa- 
fionally, though ſlightly, touched on the like- 
neſs of the change of limbs in the larger or 
ſanguiferous animals, to that which inſets un- 
dergo; I ſhall here delineate and explain this 
ſubject more at large, in order to make the 
knowledge of it diſtinct and clear. For this 
Sr 1 e EO 
Tab. XLVI. No. r. exhibits the Frog's real 
egg, or the Worm of the young Frog, encloſed 
preſents a ſmall 4 black 


in its firſt coat. It re 
globule, ſurrounded 565 by another globe, con- 
fiſting of a clear, clammy, and glutinous mat- 
ter. This matter is the real of the Worm 


of the Frog, which now lies within, covered 


as yet with its proper integuments: therefore 
the Frog's Vermicle or Worm may be conſi- 
dered as the yolk, and the food the white of 
this egg. * 
N“. 11. I lightly expreſs the inveſting coat 
or integument before mentioned. It is here 
caſt off c, and rolled back ꝗ to the hinder part of 
the Frog. It likewiſe appears, in this figure, 
how much the ſurrounding. aliment is now 
dilated, eee. Hence the young Frog is cir- 
cumſtanced exactly in the fame manner as all 
Worms and Caterpillars of each of the four 
orders are, when they have caſt their firſt coat, 
or their egg-ſhell; in which I call them Ovi- 
form-Nymph-Animals, or Oviform-Nymph- 
Vermicles, as may be ſeen particularly in the 
fourth order, where the egg is confidered. 
NC. 111. It is delineated to the life how the 
young vom called a Tadpole 
ſwims in the middle of its food, and alſo in 
what manner that food appears in the water 
like a diſperſed cloud, fff. The Vermicle or 
Worm itſelf is here delineated much larger 
than it was, when it firſt began to ſwim into 
its food, immediately after quitting its ſhell, or 
firſt membranaceous integument. Therefore 
one may now very diſtinctly ſee its head, breaſt, 
and body. But becauſe the perſon, who I ſhall 
defire to diſtinguiſh theſe parts, ought to have 
a thorough knowledge of them, thoſe who 
inveſtigate nature but ſuperficially, look into 
that globe only for the young Frog's head, 
though it really comprehends the whole body; 
as the incomparable Harvey has before juſt ob- 
ſerved. At the extremity of this young Frog's 
body is ſeen a long continued tail, Tab. XEVI: 
N“. 111. þ, by the help of which it ſwims ; 


+ + paring. it with i 


by author 8, 
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ſince the Frog is, whilſt it wears that form, a 
real footleſs Worm, and, in this reſpect, re- 
ſembles the feetleſs or apode Vermicles or 
Worms of the firſt mode in our third order. 
Here it muſt be well obſerved, that the 
young Frogs never conſume their food entirely; 
which, for that reaſon, is diluted by the im- 
bibed fluid, and gradually attenuated; ſo that, 
at laſt, it reſembles a little cloud floating in the 
water. Indeed, that gluy cloud is inſenſibly di- 
lated to ſuch a degree, that it ſeems deſigned for 
the young Frog as a place to reſt in, when it ſhall 
think proper: for which reaſon it is likewiſe 
obſerved; that, when tired with ſwimming, it 
quickly penetrates into this cloud, and hers 
remains without motion. | 
And here I ſhall beg leave to obſerve fur- 
ther, that. as the inſets which are found in 
cheeſe, putrified fleſh, and many fruits, and in 
tubercles, lie ſurrounded with their nouriſh- 
ment; ſo, in like manner, the young Frog 
ſwallows its food, at this time, through its 
mouth, as they do. There is however this 
difference, that- the young Frog is nouriſhed 
while it yet lies in the integument or coat of its 
eggs; and this I could never obſerve with re- 
ſpect to any other inſets. The inſects, in ge- 
neral, lie in the coats of their eggs, in the ſame 
manner as Butterflies do in their Caterpillars, 
and only increaſe in ſtrength. Therefore, I do 
not doubt but the young Frog is provided with 
umbilical veſſels, of which matter I ſhall after- 
wards treat in its place. 6 | 
Ne. iv. I repreſent how the hinder legs 11 
are obſerved ta increaſe in the Tadpole, or 
young Frog; that is, whilſt they inſenſibly 
ſpring out of the body, as the cups of flowers 
m out of their footſtalks, or as the caſes 
wherein the wings of inſects are at firſt repo- 
ſited: ſo that the young Frog is, in this re- 
ſpect, very like thoſe little creatures deſcribed 
under the ſecond order; though it again differs 
from them, in that it is produced from the 
egg in form of a footleſs Worm. | 
1 likewiſe obſerve, that about this time the 
young Frog's fore legs are inſenſibly increaſed 
and augmented, under the ſkin, in ſuch man- 
ner as I have before explained, in regard to the 
Worms and Caterpillars of the third order. 
For this reaſon one may likewiſe plainly diſ- 
tinguiſh, with the naked eye, the rudiments. 
of the legs, if the ſkin be then opened in that 
rt. And this is likewiſe the caſe in all the 
orms and Caterpillars juſt mentioned, as I 
have' occaſionally exhibited in the former 
tables. | 
Tab. XLVL NC. v. I here repreſent, to the 
life, how all the limbs of the young Frog have 


* There is ſcarce any animal which has the principle of life ſo ſtrong as the Frog. It will continue moving many hours after the 

uts are taken out. An Eel is celebrated for this ſtrength of life ; but the Frog exceeds it greatly. No creature is fo truly amphi- 

hows; for it will live for a length of time equally well on land without water, and abſolutely immerged in water. A Frog has 
been tied down under water many days, and received no hurt, nor ſuffered any ſeeming inconvenience. 
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at length arrived to perfection, by a Now in- 


creaſe. The two fore feet are ſeen E & ſtill. 


lying under the {kin ; but the two hinder legs 
project beyond the ſkin, I, though they are, in 
reality, ſtill inveſted with the {kin of the Tad- 
pole, which they afterwards are to caſt off. 
This ſkin is dilated and ſtretched out with the 
growing feet, as is likewiſe the caſe in injects 
of the ſecond and third order. Hence it is, 
that I really very properly give the Young Frog, 
in this form, the appellation of the*Frog's 
Nymph, which it ſeems may be likewiſe re- 
ferred to the ſecond or third order. But as the 
oung Frog, while it is under this form'of a 
N ymph, ſtill ſeeks its food, and moves about, 
it therefore approaches much nearer to the in- 
ſets of the 2 order, than to thoſe of the 
third; for this reaſon, it likewiſe caſts its ſkin 
in moving and ſwimming, and brings to view 
its fore legs, then reſembling thoſe of a perfect 
Frog; though it till, for a Jong time, keeps its 
tail, which afterwards ſhrivels up by degrees 
and, finally, dries away. a 
Ne. VI. I ſhow how the Frog, having gra- 
dually gone through the forms of an Egg, 
Worm, and Nymph, at length has attained its 


. unn 6 
Man himſelf compared with inſects, and with the Frog, _ 


T is evident from comparing the Frogs, as 

we have juſt now done, with the inſect tribe, 
how the ſanguiferous animals, or ſuch as have 
red blood in their veſſels, are, in repect to their 
changes, like theſe ſmaller creatures. Indeed 
this likeneſs proceeds ſo far, that it extends under 
many names, even to man himſelf : for all the 
works of God ſeem to proclaim, only one foun- 
dation of propagation and increaſe. 

I firſt obſerve, that it is clearer than the light 
at noon, that man is, like inſects, produced from 
a viſible egg, which, after being impregnated, is 
brought forth : that is, it is by a local motion 
conveyed out of the ovary through a tube into 
the uterus, which is the place wherein man, 
that rational animal, finds his firſt nouriſhment, 


and repreſents, as it were, a Vermicle or Worm, 


or, to uſe Harvey's words, a Maggot lying in 
the egg. 

Secondly, The membranes which then inveſt 
the Infant-Man, are there likewiſe dilated, in or- 
der to receive an aqueous humour conveyed from 
without to the Man-Vermicle. Therefore, the 
human egg likewiſe reſembles the eggs of inſects, 
in that the latter dilate, nay, break open their 
coats, in order to get elſewhere the nouriſhment 
which they do not find in their egg. | 

Thirdly, We obſerve, that the Vermicle or 
Maggot of Man, as well as the Vermicles or 
Worms of other inſets, have not completely 
perfect limbs ; therefore it is increaſed in fize, 
even from the beginning, till its limbs project 
at length out of the ſkin, and its umbilical cord 
is divided into two arteries and one vein, which 
take root in the internal ſurface of the uterus, and 
conſtitute the placenta, or after-birth. 


_ gating its ſpecies, in the ſame manner as in- 
s and vegetables, and thus is able to con- 
tinde its generation. It muſt be obſerved here, 
that the Frog is not abſolutely perfect, or fit 
for — immediately aſter its metamor- 
phoſis. By no means; for, unleſs I am 
miſtaken, this creature does not acquire that 
degree of ion until two or three years. 
The Frog, therefore, differs in this double re- 
ſpect from the ſanguiferous animals, and from 
inſects; moſt of which are in one or two 
hours after their birth, or after their metamor- 
phoſis from Nymphs, and then likewiſe imme - 
diately obtain their full ſize and maturity, and 
at the ſame time become fit for the office of 
generation. The Frog which J here expreſs, 
of full age, is the male; as one may very cer- 
tainly know from thoſe two veſicles, Tab. 
XLVI. Ne. vi. mm, which are ſituated behind 
its eyes, and are never to be found in the fe- 
male. There is moreover another certain ſign, 
whereby the male may be diſtinguiſhed from 
the female; but that I ſhall deſcribe and deli- 
neate in a particular hiſtory, which I ſhall ſub- 
join to this general account. 


n 
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Fourthly, It is very clearly obſerved, that theſe 
parts of the Man- Vermicle grow by degrees into 
a head, thorax, belly, and limbs. In the head, 
the coloured eyes are very diſtinctly ſeen through 
the ſkin ; but they are more conſpicuous in the 
beginning than after wards, when the ſkin becomes 
thicker; for then they can be no longer ſeen. 
But it is indeed very admirable to obſerve, how 
the limbs ſprout about the ſhoulder- blades, and 
at the lower parts of the body : for, in the begin- 
ning, they reſemble the ſmall cups of flowers 
juſt budding, or the bags and caſes of the parts 
of inſets ; the former encloſing the flowers, and 
the latter the wings; and then, by degrees, juſt 
as the legs of Frogs, they grow out of the body, 
and are divided into joints. 8 1 23 

Fifthly, We obſerve further, that all the limbs 
of the Man- Vermicle, in time, acquire their due 
perfection, and are ſtrengthened to ſuch a degree, 
as to be able to break out of the uterus, and to 
diſengage themſelves from all their integuments. 
And hence this firſt ſtate of man likewiſe re- 
ſembles an inſect, in that it hath, under the 
form of a Chryſalis or Nymph, acquired all the 
ſtrength requiſite to change its skin, and appear 
like a perfect creature. Man therefore, as on 
the point of his birth he does, like inſets, throw 
off and loſe ſeveral very conſiderable parts, may 
indeed be deſervedly called, at that time, a 
Nymph; ſince he then is to caſt off his umbeli- 
cal veſſels and placenta, together with the skin 
and the amnion. 

Sixthly, This tender and new-born creature 
leaves the uterus, in the ſame manner as the 


Ephemerus and Libella, that have caſt their skin, 


and leads a new life, and has a different nouciſh- 
ment. 


The HISTORY 


ment. The infant-man,.. who lived before in 
the water of the amnion, now breathes the vital 
air, which ruſhes into his Jungs, and dilates and 
extends them. But this miſerable creature is very 
from meeting, with | ſuch good fottune, as 
Ephemerus and Libella, which are in an 

brought forth abſolutely perfect. On the 
hand,” his appendage of misfortunes and 


far 
wo 
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paving hitherto premiſed only general ob- 
L ſervations, and ſuch as tended to explain 
the figures in Tab. XLVI. I ſhall here treat par- 
ticularly of the generation of Frogs, and deſcribe 
the genital parts of the male and female, and 
ſhall add ſome other obſervations, I hope, of ſome 
uſe. I would, on firſt ſetting out, inform the 
reader, that there is a much number of 
miracles, and natural ſecrets in the Frog, than 
any one hath ever before thought of or diſcover- 
ed; as I ſhall evidently demonſtrate, when I 
ſhall have opportunities to deſcribe particularly 
the whole hiſtory of that Ar. z and I am now 
here to explain Aa Q it. ty 4 

The genital — X-the male are the teſ- 
ticles, the vaſa - deferentia and ſeminal veſicles. 
The teſticles, Tab. XI VII. Fig. 1. a are placed in 
the loins, and being there ſituated over the kid- 
neys themſelves, 6 46 b, are furniſhed with arteries, 
veins, and ſpermatic veſſels. Their figure is not 
conſtantly the ſame, but is ſometimes obſerved 
to be more oblong, ſometimes more round, and 
ſometimes lunated. Some yellow appendages 
always adhete c to the upper part of the teſticles; 
and theſe appendages are ſometimes ſingle, 4, 
ſometimes double; e, and at other times triple or 
ple. Theſe little parts likewiſe have their 
blood veſſels, and conſiſt; of ſeveral bags joined 
„and containing an oily or fatty mat- 
ter; and encloſed; in ſo many oblong common 
membranes, produced like appendages. - I have 
likewiſe ſometimes obſerved, that this oily mat- 
ter was joined to the coat inveſting the teſticles, 
and diffuſed through half their ſurface. A kind of 
ſimilar, but white fatty matter, is obſerved in 
Rats, and ſeveral other animals. 
- Theſe appendages may be; examined with 
great eaſe in Frogs, that are not bigger then the 
firſt joint of one's thumb; for, by the help of a 
microſcope, we then diſtinctly perceive, that they 
conſiſt of a congeries of minute ſpherical and 
membranaceous particles, full of a-yellow, oily, 
or fatty ſubſtance ; but theſe particles are too 
ſmall to come under the cognizance of the naked 
eye, to which they only appear as a bright heap 
of tranſparent gold duſt. Ae n 
The teſticles are generally yellow, with many 
blood veſſels elegantly variegated with black, 
beautifully running through the coats that inveſt 
them, Tab. XLVII. Fig. 1. F. On ſtripping this 
coat from off the teſticles, they appear to con 


trouble, like the tail of the. Frog, yet adherts fot 


a long titne to him, . for he is full of miſery, ati 
is born in tears; and it is very long before he 
comes to maturity of Anda and full 
growth of body. It is now time to dome to the 
fingular hiſtory of the Frog, which is bighly 
worthy of conſideration, WON TIRE | 


A particular treatiſe on the generation of Frogs. 


entirely, as it were, of ſmall globules, g g, but 
by making this ſeparation lowly, and by careful 
degrees, we may clearly perceive, that theſe ap- 
parent globules are no other than the heads of fo 
many ſeminal ducts; ſome of them double, E, 
or divided into. branches, that riſe all to the cen- 


ter of the teſticle. In Frogs, therefore, the teſ- 


ticles is compoſed of ſeminal veſſels ;. and I have 
diſcovered the ſame to be the caſe. in many other 
animals; as the cuts 1 have occaſionally given 
Some pretty conſiderable ſeminal veſſels, i i, riſe 
from the internal fide of the teſticles; part of them 
ſingle, .and part divided into branches, which 
convey. the ſperm, as it were, by ſo. many diffe- 
rent ſtreams from the , teſticles : this may be ea- 
ſily ſeen, on compreſſing or ſqueezing theſe laſt 
parts ever ſo little; for then the ſeminal veſlels, 
firſt mentioned, fill with a pale white ſperm; 
Theſe ſeminal veſſels, or natural diviſions of the 
paraſtata, run by degrees towards the kidneys, 
upon which the teſticles lie, and, after paſſing 
through the coats of the kidneys themſelves, and 
forming a variety of diviſions, & &, they at length 
diſcharge ' themſelves into the vaſa deferentia, 
which are ſeated near the internal edge of the 


kidneys, . 1111, and are there united with the ſe- 


minal veſſels already taken notice of, 

We muſt here duly obſerve, that the kidneys 
diſcharge their urine by the vaſa deferentia, thro? 
which the teſticles, in copulation, eje& their 
ſperm : as in man, the ſperm and urine are diſ- 
charged through the ſame urethra. In man, in- 
deed, there is but a ſingle vas deferens, diſtinct 
from the ureters; nor has this urine any ſuch 
paſſage; whereas, in Frogs, the great Architect 
has thought proper to = the ſame veſſel ſerve 
both theſe purpoſes; and this, perhaps, he or- 
dained, becauſe it was proper to contract or 
abridge the number of parts that were to be 
placed in ſo ſmall a body, and likewiſe becauſe 
the Frog was to evacuate its ſperm only once a 
WW 15 4 
l In the midſt, between the two kidneys, are 
to be ſeen the arteries, and emulgent or kidney 
veins, Tab. XLVII. Fig. 1. mm; theſe I have 
but tudely deſigned. They are diſtributed all 
over the ſurface, and through the ſubſtance of 
the kidneys, by ſo many ramifications, that great 
circumſpection is neceſſary, not to confound the 


fiſt ſeminal veſſels, juſt deſcribed, with theſe blood 


: „ animalcules in ſerine, are ſeen more eaf and diſtinctly in the ſperm of the male Frog, than any other way. They who doubt 


the exiſtence of ſech animalcules, (for it is at p 


t a faſhion to doubt them) have not examined the male ſperm of this creature. 


Tide proper ſeaſon in England js the firſt week in April. The veſſels are then full of the fluid, and theſe animals are innumerable in it. 
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veſſels. Beneath the teſticles, and under the 
sin of the kidneys, there lie two other fingular, 
and ſtrange bodies, uu, but I neglected duly 


1 


examining them. 


The vas deferens grows ſinaller by degrees, ſo 


as to form but one trunk, oo, but ſoon again it 
dilates conſiderably, and in this part we may 
diſtinctly ſee the ſeminal veſicles lying __ it, 
pp. Theſe velicles do not differ in conſtruction 
from the correſpondent veſſels in man, and other 
animals, except in regard to their being of a 
more membranaceous ſubſtance. They, open 
into the vaſa deferentia, and convey to them from 
a great many little cells, an aqueous ſeminal 
fluid, which is perhaps the vehi of the true 
ſperm. In fine, both theſe veſicles, and the vaſa 
Karen are inſerted into the ſurface of the rec- 
tum, 99, directly under the bottom of the urina- 
ry bladder, where I have repreſented both their 
mouths, by two openings v that appear through 
the ſtraight gut. Upon this laſt inteſtine lies a 
double urinary bladder,  s s, into which the urine 
is conveyed by thoſe ureters, which at the ſame 
time perform the office of the vaſa deferentia, 
When firſt I diſcovered theſe vaſa deferentia, I 
immediately ſearched for the ureters, with a 
great deal of attention, as I could hardly think, 
t a veſſel of ſuch im could ſerve two 
ſach different purpoſes. But I afterwards found, 
that the ureters of the female Frog, wete con- 
ſtructed in the fame manner as theſe veſicles in 
the male ; and by this diſcovery, I became tho- 
roughly acquainted with all theſe parts. I have 
accordingly exhibit them, as they appeared in the 
ſmaller Frogs, as may be ſeen by inſpecting the 
ſecond figure. 5 wm 
It is now time to ſay ſomething of the genital 
parts of the female : theſe are an ovary, uterine 
tubes, or horns of the uterus, and the uterus itſelf, 
The ovary lies upon the uterus, with which it is 
always united; and near the ſame place are the 
fatty appendages, which I deſcribed in the male 
Frog, when 1 treated of the genital parts. The 
ovary, which is always double, equally occupies 
the right and left region, and is conſtantly found 
ſubdivided into lobules. I have ſeen them, to the 
number of five, on a fide in ſome Frogs. Na- 
ture, however, does not always obſerve the ſame 
order in this particular, except that the ovary 
never appears, but divided into more or leſs of 
theſe parts. The blood veſſels are principally 
diſtributed through theſe diviſions of the ovary, 
Tab. XLVII. Fig. 111. a, and afterwards they 
diffuſe themſelves all over it. Each lobule is 
hollow, and wrapped up in its own particular 
coat; fo that, by fixing in a little tube, , it may 
be eaſily diſtended with air, and ſeparated from 
the neighbouring lobules, 5. This muſt be done 
very cautiouſly, becauſe this coat is ſo tender, 
that any thing of a rough blaſt would burſt it. We 
may then plainly perceive, that all theſe lobules 
are confined, each to its own limits, and have 
not the leaſt communication one with another. 
As the coats inveſting the lobules of the ovary 
are ſo very delicate, the eggs may be ſeen thro' 


them diſtinctly, cc: a perſon that was not very 


cautious, by directing his eyes and hands to this 


NATURE; 0 


rag might eaſily fanoy to Himſelf, that the egg 
ay on the outfide of the oy Theſe eggs are 
have a white or yellow ſpot in the centre. The) 
lie cloſe to the internal ſurface” of the coats 


membranes that conſtitute the lobules of the 


ovary, and are fixed there by the blood veſſele, 
as it were, by ſo many ſhot little ſtalks This 
circumſtance is very viſible, in cutting off one or 
two of the lobules of the ovary, d, for then the 


encloſed eggs ſhew themſelves molt diſtinctiy. 


But this experiment cannot be convenient] 

made, unleſs about the beginning of March, o 
a little afterwards, as it is chiefly at that ſeaſon, 
that the ovaries abound with perfect eggs: | this 
is moreover the | time for examining the 
genital organs. On examining carefully the ovary 
at this period, we may likewiſe find in it a ſpe- 
cies of eggs different from thoſe I have now de- 
ſcribed, Theſe are fmaller, white at firſt, and 
when pretty well grown, yellowiſh. ' Theſe laſt 
eggs, however, are only rudiments, not 
yet perfected; and therefore, they remain in the 
ovary, after it has diſburthened - itſelf of all the 
& eggs. But before I treat of this opera- 
tion, I think proper to deſcribe the uterine tubes 

or horns. OUT IO MLL RIES | 

In Frogs, theſe tubes ariſe very high in the 
breaſt, from whence they ſtretch in the middle, 
from one end of theabdomen to the other, and ter- 
minate in the uterus, with which they lie concealed 
in the lower part of the belly, but ſo as to be 
able to move higher, according as the uterus di- 
lates or contracts itſelf. Every Frog has two 
ſuch tubes, which are placed, one at one ſide 
of — — — the other at the other ſide. 
Properly ſpeaking, the ſuperior part of the 
tube lies near the heart, mth ale on each 
ſide by the ligament, by which the liver alſo is 
ſuſpended. In the fame place, where part of 
the peritoneum paſling freely over the heart and 
— 1 — with the liver a diſtinct ca- 
vity, in which the heart, wra up in its peri: 
cardium, lies under the breaſt . — in rel wy 
low of the mediaſtinum or diaph Io ſee all 
theſe particularsdiſtinctly, itis neceflary to lay open 
the Frog's belly a little higher than the extremity 
of the breaſt· bone, where this bone degenerates 
into a cartilage; then cut off the membranaceous 
parts; and laſtly, turn over the breaſt- bone upon 
the head, and ſecure it in that poſture with a pin, 
Tab. XLVII. Fig. Iv. a. Thus we diſcover a con- 
ſiderable cavity above and about the point of the 
heart, 6, in which the heart lies hid with its peri- 
cardium, under the breaſt- bone, as within the dia- 
phragm. At the ſame time, we may ſee on each 
ſide of the heart, the extreme ends or natural 
openings of the tubes, c c, which moſt firmly and 
immoveably grow there to the peritoneum, and to 
the ligament, by which the liver is ſuſpended, 
ſo that they cannot reach to the ovary, which 


bend a little, eſpecially where they lie upon the 


lungs; for they ſtretch over the lungs and the 


liver, where they ariſe from very ſlender mem 
branaceous beginnings. For this reaſon, they 
| always 
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ready to collapſe, and are only diſ- 
thoſe 


cernible by who have accuſtomed their 


ſuch inquiries: by at; diſſections. 
can readily — or ptoduce 


H 


a 


iff 
I} 
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of the animal's body could not admit of 
conſtruQtion, thefs tubes being ſo very 
meaſuring a ſingle one, ſeated on 
body, I found it to be. upwards 
All theſe beautiful foldings and 
ings of theſe tubes, arc connected by means 
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The extremities of theſe tubes yen by wide 
mouths, ff, into the two ſides of the uterus. 
Theſe mouths appear circular when diſſected, af- 
ter they they have- been inflated and dried ; but 
they are oval when the parts are any ways moiſt, 
as they then collapſe. The uterus itſelf is double, 
gg: it is of a membranaceous ſubſtance, and is ele- 
gantly overſpread with blood veſſels. When full 
of eggs, it wants very little of being ſpherical in 
ſhape; but when inflated, it is rather oblong, 
and ſhaped like a pear: the introduced air gives 
it a ſomewhat different figure. Finally, the 
uterus terminates at each ſide of the body, in 
the rectum, about half an inch from the place 
where the tubes are inſerted into the uterus. In 
all Frogs, the ſtraight gut þ is placed between the 
right and left portions of the uterus, and ſhews 
on its for the bladder, which is likewiſe 
double in this place, i. I have here mentioned 
nothing, that I have not diſtinguiſhed with my 
own. ſenſes in a Frog, which had diſcharged 
its eggs, about half an hour before I diſſected 
it. . 


The fame figure likewiſe repreſents the con- 
tracted ovary belonging to the left ſide, &, ſeated 
at a great diſtance from the mouth of the tube, 
with one imperfect egg, which had not as yet 
diſengaged itſelf, but remained entangled with 
the ovary. One of the kidneys likewiſe may be 
here in part ſeen, /, together with the pinguife- 
rous appendages of the ovary, m. I alſo exhibit 
two eggs which I found looſe in the abdomen, 7, 
on account of their ſtraying from the mouth of 
the tube, in the act of copulation. The tube it- 
{elf alſo ſtill contained another egg, o, fallen into 
it, after all the others had been conveyed into 
the uterus. This was very plain from this egg's 
not as yet having any white. The ſtomach, p, 
and alſo the ſmall guts appear in their natu- 
ral ſituation; and a ion of the liver, g, 
and ſome of the fineſt blood veſſels, are diſtti- 
buted over the ſurface of the ſtomach. On the 
fide of the liver, I repreſent the gall bladder, v, 
and the lungs with their veſſels, 46. I made an 
inciſion into one of the parts, to let the air in it 
eſcape, that I might the more clearly exhibit the 
courſe and opening of the tube; the other, on 
the contrary, being the right, I exbibit as it a 

peared diſtended with air. The auricle of the 

e 


art is repreſented, 7 f, divided by a membrane 


| ſame figure, and of their natural bighels, 
+1, Here I cannot omit. the opportunity of llluſ- 


a great deal more ſolicitous about the external * 


own face and hair, 
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not unlike a valve; it is tranſparent. 1 next 
ſhew, in the ſame place, the ſeparated parts öf 
the abdomen, and breaſt, # Uu, interſperſed with 
ſome; muſcles, having endeavoured as much as 
poſſible to ſhew all theſe parts in ohe and th 


trating the account of Oligerus Jacobzus, who 
owns he could not diſcover the opening of the 
tube, and of ſhewing him at the fame time how 
much he was miſtaken in thinking, that the tube 


was inſerted into the ſtraight put, which he has 
repreſented in an imperfe& drawing. 1 ſhall 


tranſcribe his words, eſpecially as he has thought 
proper to charge me with the error which him- 
ſelf committed, a proceeding to which he was 
EA prompted, by the flatteries beſtowed on 

im by the younger Bartholin, who extols, in 
the moſt diſguſtful manner, this author, and his 
treatiſe on Frogs. But his panegerick ſerves 
only to prove, that he underſtands nothing of 
the-moſt curious branches of anatomy ; other- 
wiſe he would be more cautious, not to cenſure 
in ſo ſupercilious and dictatorial a manner, per- 
formances which he has not ſufficient abilities to 
underſtand. For this reaſon alſo, he appears 
pearance, than about the real nature of the ſub- 
jects he takes in hand. This may evidently ap- 


Tay; by his treatiſe on the diaphragm, in which 


has been at more * to expreſs neatly, his 
an to * the figures of 
the things he treats of plain and intelligible, as if 
the learned were in love with his countenance. 
The words of the illuſtrious Jacobæus, in his 
obſervations upon Frogs, are as follow: This 
tube, in the upper hides itſelf in the re- 
gion of the heart, liver, and lungs; but where it 
afterwards ſtretches its courſe, I cannot tell, as I 
could not get the air I ejected for that purpoſe, 


to aſcend any higher than this part. Below, 


where it runs under the ovary, it dilates into a 
pretty wide oval mouth, and branches into fibres 
that unite with the kidneys and ovary, whilſt 
the reſt of it is inſerted into the ſtraight gut, 
about a thumb's breadth from the oval mouth 
juſt now mentioned.” He afterwards adds, 
% Swammerdam, thongh very clear ſighted 
upon every other occaſion, does not ſeem to 
have taken notice of this oval mouth, when in 
his treatiſe on the conſtruction of the womb in 
women, he ſays, that in Frogs, the motion of 
the egg from the ovary, to the tubes and arte- 


Ties, is more obſcure, as he tells us, the orifice of 


the horns of the uterus, or of the tubes, are about 
two fingers breadth diſtant from the ovary, and 
that not only their orifice is very narrow, but the 


part alſo is unmoveable; and further, he denies 
that it lies cloſe to the ovary, as in the females 


of the human and feathered ſpecies.” 

We may reaſonably imagine, this learned'an- 
thor did not ſo much as think of any part of the 
uterus ; for he does not, in his whole treatiſe, 
make the leaſt mention of that part, and affirms, 
that the tube is inſerted. into the ſtraight gut; 
whereas, on the contrary, it is the uterus itſelf 
that is inſerted into that inteſtine, and by no 

4 means 
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means the tube. Beſides, the ovary of Frogs is 
never found to have naturally that figure, which 
Jacobæus very raſhly gives it, though it is to be 
obſerved, that the uterus, when loaded with 
eggs, is found on diſſection to have, in ſome de- 
gree, ſuch an appearance, Therefore, the oval 
eſtium, or mouth, which this author mentions, 
is, in my account, really the opening of the tube 
into the uterus, which, properly ſpeaking, ſhews 
itſelf where the tube ends, and the uterus com- 
mences. See Tab. XLVII. Fig. rv. letters ff, 
where I have at large deſcribed all theſe parts. 
Such being exactly the caſe, and it being at the 
ſame time certain, that the inferior extremity of 
the tube has no communication with the ovary ; 
and that no eggs can enter there from the lobules 
of the ovary, which are perfectly cloſed z and 
as likewiſe M. Jacobæus could not diſcover the 
upper orifices of the tubes, I would be glad to 
know in what manner this author can explain the 
aſſage of the eggs from the ovary, into and 
through the tube. I really cannot conceive how 
he can acquit himſelf of this taſk ; ſo that he has 
in good earneſt made the motion of the egg, from 
the ovary more obſcure, than he is pleaſed to 
fancy I had done. But I, by no means intend 
to enter the liſts with this gentleman, or impru- 
dently treat him with rough language; for it is 
not in ſearch of glory to ourſelves, but the great 
Creator, that we ought to ſurvey and examine 
his works. For this reaſon, I rather look upon 
myſelf as under an obligation to this illuſtrious 
naturaliſt, for having condeſcended to criticiſe, 


and bring to the teſt my experiments concerning pea ing 
were ſtill adhering to its inſide 4d d, part in its 
higher, and part in its lower region. I even 


Frogs; and, in the ſame ſpirit, I muſt tell him, 
that he can never miſs finding the opening of the 


tubes near the heart, provided he looks for it a 


little after the Frogs have depoſited their eggs. 
At this time, even the whole uterus may be diſ- 
tended with air through the tube; and, on the 
other hand, from below, upv7ards, the tube thro' 
the uterus. What is ſtill more, theſe openings 
of the tubes may be then diſcovered without an 
difiections, by only blowing lightly through a 
pipe in the adjoining part of the heart. But 
none of theſe experiments will ſucceed, whilſt 
the eggs are only in their paſſage through the 
tube, at which time, perhaps Jacobus ſurveyed 
theſe parts. Thus the natural opening of the 
tube becomes very diſcernible to thoſe who take 
a right method to diſcover it. But is it not ſur- 
priſing, that the deſcription given by me, and 
which Jacobzus muſt have ſeen, as he quotes it, 
did not open his eyes; for, though ſhort, it is 
very plain and intelligible. Mankind is liable to 
error; but, to perſiſt in it, after friendly admo- 
nition, ſhews a perverſe arrogance, that will not 
ſubmit to acknowledge its miſtakes, Dog 
It is now time to ſpeak of the egg's paſſage 
through the tube, from the ovary into the ute- 
rus, which is indeed not only difficult to expreſs 
in words, but even to conceive, ſo that in the 
whole ſcience of anatomy, equally abſtruſe and 
myſterious, I muſt own, that this is very ob- 
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ſcure in many other animals, but in Frogs, 
altogether incomprehenſible; for the ovary, as 
1 rematked above, and am ready to demonſtrate 
in the Frog itſelf, does not in any way commu- 
nicate either with the tube or with the uterus. 


it is 


The opening of the tube cannot by any means 
move itſelf towards the ovary. Beſides, there 
are no other mouths at which the eggs can be 
received, than the narrow membranaceous ori- 
fices of the tubes, which above grow to the 
membranes of the heart; ſo that thete does 
not appear in this place the leaſt trace of any 
oval mouth, by which it is ſaid, that the tube 
opens itſelf about the inferior region of the 
ovary; for it is very caſy to ſeparate the tube 
and ovary from one another: and the ovary 
afterwards extracted from the body, may by 
itſelf be diſtended with air, and dried, not 
having the leaſt aperture to let the air e 

or the leaſt matk of ever having had one. 

I have ſometimes diſtinctly obſerved in breet- 
ing Frogs that whereas the ovary of one that 1 
diſſected, about the beginning of April, ill 
contained all its eggs; that of another, open- 
ed a few days afterwards, had loſt the 
part of them, Tab. XLVII. Fig. v. a. I could 
likewiſe, at the ſame time, eaſily diſcover a 
great many of the eggs that had out 
of the uterus, and were broken, lying here 
and there in the abdomen 445, between the 
lungs, and under the ſinuſes of the ſtomach 
and inteſtines, among the membrinaceous parts 


of the viſcera, and elſewhere. Some alſo ap- 


ared near the opening of the tubes c. Others 


diſcovered an egg lying at the very mouth of 
the tube e, and in > manner the eggs were 


leiſurely forced thro the extremity of the tube 


into the uterus ff. I obſerved alſo, that the 


greateſt part of the eggs ſtill adhered to the 


uterus z which I here repreſent ' two L 
Firſt, I exhibit the uterus — it — » ap. 
2 g, with the contained eggs viſible thro it, 

ut very faintly; and on the other fide I re- 
preſent it as it looks, after having been mace- 
rated in water, or on its beginning to dry, after 
being expoſed to the open air for ſome time ; 
in both which caſes it very diſtinctly ſhews the 
eggs ſhut up in its cavity 4. I repreſent beſides, 
lower down, the extremity of the double ute- 
rus 7, which is inſerted into the ſtraightgut, about 
half an inch from the opening of the tubes into 
the uterus. Near the heart appears the begin- 
ning of the great artery, with two ſmaller arte- 
ries ſpringing from it &. On each fide, near 
the heart, are openings of the tubes //; and I 


have repreſented the lungs as 


| bearing u 
theſe openings m m, in order to render their 
ſituation next above the lungs more diſtin 
perceivable. It is very remarkable, that living 
Worms are almoſt always found in the lungs 
of Frogs; I have often met with ſix in one 
Frog.* 4 17 Ct: | | 


* Naturaliſts have been perplexed extremely to account for the Worms found in the inteſtines ; but theſe are much more firangely 


fitazted, They cannot have been ſwallowed in food by the Frog, for this would not be their place. 
that the Worms found in our inteſtines, were created with the human frame; 


«„ » Þ * . e £ A 1 
of living : it is much more ſtrongly probable here, 


; The opinion of Valliſnieri is, 


: The 
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! Theſe W * are, on thei Were part, u 
like Lumbriei terreſtres, or common Harth 
worms. but on their hinder part they ate ſome- 


what thicker,” and they generally lie in plaits 
and folds within the lungs. In ſize they differ 
but little from the Worm that gnaws or cor- 
rodes the ſhell of the common Wilk. Their 
colour is a yellowiſh white, except that they 
are black towards the tail, which variety in co- 
lour proceeds from that of the food they have 
taken into their bodies. They have their 
mouths conſtantly fixed to the internal mem- 
branes of the lungs, from which they ſuck the 
blood. On ſeparating them cautiouſly from 
theſe membranes, we maydiſcover in the mem- 
branes a little opening made by theſe inſects, and 
even a ſmall quantity of blood diſcharged from 
that aperture: the mouth alſo of the piratical 
Worm appears bloody, if immediately in- 
ſpected. Theſe Worms appear to have an- 
other aperture in their breaſt, which however 
I did not ſufficiently examine. I omitted alſo 
taking a ſurvey of their inſide, except that I 
obſerved ſome great and (mall guts, and ſome 
diſtin& particles; but the inſect's ſkin being 
tranſparent, theſe particulars could be ſeen 
without diſſection. 

Other kinds of Worms are often found alſo 
in the lungs of Frogs. Theſe are like briſtles, 
with ſharp heads and tails, and they coil them- 
ſelves up. In colour they differ little from the 
firſt kind, only that on the inſide of their bo- 
dies they ſhew thro' their tranſparent ſkins, 
ſome of their inteſtines in the form of a little 
thread or line of a duſky brown. On opening 
both theſe ſpecies of Worms, immediately ta- 
ken from the Frog, I found in them a great 
number of ſmall particles wrapped up in an 
oblong membrane. On obſerving that theſe 

— 1 were not only all of the ſame ſize, 
2 were likewiſe regularly placed as in an ovi- 
duct, my curioſity led me to examine them 
with a microſcope, by which I at length con- 
vinced myſelf that this prodigious number of 
particles was no other than ſo many roundiſh, 
or oblong eggs, in which alſo there was a very 
diſcernible motion. This induced me to open 
ſome of them. But how great was my ſur- 
priſe on finding, that every egg contained a 
minute but perfe& Worm lying folded up in 
it, like a young ſerpent in its egg! Even theſe 
little Worms, when extracted from their eggs, 
moved themſelves exactly in the ſame manner 
with the parent- inſect. This was an undeni- 
able proof, that this Worm was both ovipa- 
rous and viviparous ; thus propagating its ſpe- 
cies in the moſt ſurpriſing manner. But I re- 
turn to my proper taſk ; for this little animal, 
tho' no longer than a young Frog ten days old, 
contained too many miracles to be publiſhed in 
a few pages. ; 

To return therefore to the Frog itſelf, what 
I have ſaid ſufficiently ſhews, how the eggs 
are diſperſed, when they break the ovary, and 
from thence roll into the cavity of the abdo- 
men. But I would fain know, by what art, 
regular motion, or contrivance an egg lying 
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thus looſely in the body, can be conveyed into 
a narrow tube, whoſe opening is placed ver 
high up near the heart ? Certainly, the belt 
thing we can do on this occaſion, is to own 
ſuch a conveyance utterly inconceivable by hu- 
man underſtanding, and humbly to acknow- 
ledge the narrow limits of our faculties. It can- 
not be denied, that at this time, the ovary is 
diſtended very much towards the upper parts 
of the belly, by the great ſize and number of 
the eggs it contains; nevertheleſs, the eggs which 
poſſeſs the lower part of the ovary, never lie 
nearer than within two fingers breadth from the 
opening of the tube; and in the largeſt Frogs, 
they are at a greater diſtance. Let us ſuppoſe 
them ever ſo near the tube, who will tell us how 
they can get into the opening of it, which ſome 
of the beſt anatomiſts could not diſcover. The 
eggs have no motion of their own ; nor are 
there any muſcles in the way to move them. I 
therefore conclude, that this motion of the eggs 
of Frogs lies hid in a myſterious darkneſs, too 
thick for human underſtanding to penetrate. 
But however incomprehenſible this motion 
may be, we may derive from it great light into 
the motion of the eggs in women, in whom 


this tube is moveable ; ſo that it can apply its 


mouth to the ovary, in order to receive the egg 
falling from this laſt part, a thing which 
that induſtrious - anatomiſt Bidloo ſaw, and 
procured a drawing of. I have myſelf ob- 
ſerved more than fifty times in Frogs, that the 
eggs which had broken looſe from the lobules 
of the ovary, had inſinuated themſelves into 
the tube, and thro' the tube into the uterus ; 
nor do I ſee any manner of difficulty in con- 


ceiving how in any animals the egg once got 


into the tube, ſhould from thence paſs to the 
uterus, the difficulty entirely lies in the paſ- 
ſage of the egg from the ovary to the tube. 
In the Frog there is all the reaſon in the world 
to call this motion a miracle; indeed, there is 
nothing to hinder us from giving it the ſame 
appellation in all other animals. The cauſes 
of wonder are the ſame in all; and in general, 
the motions of eggs ſerve moſt manifeſtly to 
prove, that the human underſtanding is con- 
fined within very narrow bounds. 

I have ſometimes counted upwards of ele- 
ven hundred eggs in one Frog, all which are 
to paſs thro' the narrow, immoveable mouths 
of theſe two tubes ; nor can ſuch paſſage be 
looked upon as an eaſy matter, as theſe tubes 
ſcarce deſerve to be conſidered as fimple chan- 
nels, but rather as the horns of the uterus, 
which other animals exhibit. The white of 
the egg is formed in them, to ſurround the 
Frog's egg, or fœtus, and afford the young ani- 
mal nouriſhment for ſome days in the ſame 
manner as the colliquamentum, or white, does 
the Chicken. On this account alſo, it is im- 
poſſible to diſtend theſe tubes with air at this 
time; it is even a difficult matter to alter, even 
by ſqueezing with the fingers, the ſituation of 
the eggs at that time faſtened within the tubes, 
the matter ſupplied by them, for the nouriſh- 
ment of the Frog's fœtus, which it moſt regu- 
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larly ſurrounds, being very clammy and glu- 
tinous. For this reaſon the eggs do not paſs 
faſt, or eaſy thro the tubes, but very leiſurely, 
and by ſlow degrees, and chiefly: by the action 
of the muſcular fibres adminiſtring to the tubes, 
which little by little puſh the egg and its nou- 
riſhment into the uterus. | | | 
I find this white of eggs to be a very nou- 
riſhing ſubſtance; for which reaſon, when I 
had young Frogs to rear, I uſed, as often as I 
wanted, other food that was proper for them, 
to take a tube from the body of a female Frog, 
and give it to them cut into pieces, which they 
immediately faſtened upon, ſucking eagerly the 
, juices that flowed from thence. This matter 
even diſſolves, and diffuſes itſelf in water, like 
the white of the Frog's egg, being of a ſimi- 
lar compoſition and ſubſtance: hence the tube 
itſelf, on being juſt thrown into water, be- 
comes by degrees eight times as thick as be- 
fore : but this experiment muſt be made within 
a few weeks of the eggs paſſing thro' the tubes, 
as afterwards they contain no more of the white 
or albumen. 

This tube, no doubt, is furniſhed with its 
glands ; tho' as yet I have not had the ſatisfac- 
tion of ſeeing them diſtinctly. I obſerved, how- 
ever, that the tube on its inſide is thoroughly 
lined with a regular reticulated glandulous 
coat ; from whoſe pores the albumen, or white 
is ſecreted. Behold what, and how many 
wonders appear in the Frog only! But we 
ought not to content ourſelves with a ſingle 
experiment ; we ought to try every thing that 
appears, and in every manner in which it can 
be tried, to acquire a perfect knowledge of any 
thing we deſire to be thoroughly acquainted 
with. | 
It is no eaſy matter to determine whether 
the uterus contributes alſo to the generation of 
the white of the egg, and the full perfection 
of the egg itſelf, or only ſerves to collect all the 
eggs, and eject them at one and the ſame time. 
To me it appears probable, that the uterus 
ſerves merely as a receptacle for the eggs. It 
differs greatly from the tubes, as it 1s mem- 
branaceous, and in part fibrous, or compoſed 
of, or furniſhed with many fibres ; but it 1s no 
ways glandular, for which reaſon it is always 
found in a contracted ſtate, and never exhibits 
itſelf diſtinctly, but when naturally diſtended 
with eggs, blown up with air, or injected with 
ſome kind of liquid. It is even impoſſible to 
diſtend it by macerating it in water; fo that 
upon the whole, no two things can be more 
different than the tube and the uterus. 

The eggs, as I ſaid before, at the time that 
the Frog is to diſcharge them, break looſe from 
the lobules of the ovary, to the infides of which 
they adhered, and are forced by I know not 
what motion thro' the cavity of the abdomen 
into the open mouths of the tubes ; but I can- 
not exactly determine how much time may be 
requiſite for this paſſage, as the Frog is very 
far from being tranſparent like ſome other 
animals. It may not, perhaps, be impoſſible to 
obſerve this proceſs in ſome other ſpecies : ne- 

I 


vertheleſs, the knowledge of this truth could 
then be only analogically obtained. 11 
About the ſame time we find that the teſti- 
cles and ſpermatic veſſels in the male Frog fill 
with ſperm. Theſe animals become then o 
eagerly intent on the buſineſs of propagation, 
that they take no care in a manner of their 
own ſafety; ſo that they may be eaſily caught 
with the hand. I believe that they eat no- 
thing, or very little, during this fit of luſt, which 
laſts more or leſs time, according to the heat 
of the weather. 7 WIG! 

To carry on the. intercourſe of the ſexes, 
which this great work requires, the male 
Frog leaps upon the female, and when ſeated 
on her back, he faſtens himſelf to her very 
firmly. For this reaſon, the Dutch coun- 
try boors, with great -propriety,. tho' in their 
vulgar way, call this manner of copulation, the 
riding ſeaſon of the Frogs, as the male is car- 
ried about, riding, as it were, by the female. 

It is neceſſary, thoſe who intend to diſſect this 
inſet, ſhould know how to diſtinguiſh the male 
from the female. I have obſerved two marks 
by which this diſtintion may be made. In the 
firſt place, the male has two air bladders, which 
he expands in croaking ; and the mouths of theſe 
bladders are ſeated. on the ſides of his jaws. 
T heſe bladders conſiſt of two membranes, which 
may be eaſily parted, and ſeparately diſtended 
with air, and ſo preſerved. One of theſe mem- 
branes is a continuation of the external ſkin; 
the other a continuation of the membrane of the 
palate; and this laſt is furniſhed with blood veſ- 
ſels and muſcular fibres, which ſerve to contract 
and dilate theſe bladders. Properly ſpeaking, the 
orifices of theſe bladders lie in the upper region 
of the mouth, where the gums are ſeated in men; 
and near them, within the mouth likewiſe, are 
to be ſeen the orifices of the organs of hearing, 
or of the animals ears. The tympanum, or drum 
of the ear, lies withoutſide, immediately under 
the ſkin, The ſame conſtruction obtains alſo in 
the Chameleon. 

The other mark of the male Frog is furniſhed 
by the animal's thumb, which is very thick in 
the males, Tab. XLVII. Fig. vi. a. perfectly 
black in ſome kinds, and covered with a great 
number of papillæ, 5, which are likewiſe of an 
extreme blackneſs, and conſtructed in the fame 
manner with the papillz on the tongues of oxen. 
Theſe papiilz become rough in drying, and, like 
the rough ſkin called ſhagreen, feel very ruggid; 
their uſe I ſhall preſently deſcribe. 

The males, at the time of copulation, leap on 
the females, and they continue ſometimes on their 
backs, for forty days ſucceſſively, according as 
the ſeaſon of the year is more or leſs cold, and 
the eggs take up more or leſs time in their paſ- 
ſage to the organ that is to ſhed them. Some- 
times theſe animals continue together in this man- 
ner even for a much longer time; as when the fe- 
male is weak or ſickly, and the eggs on that ac- 
count deſcend more ſlowly through the tubes to 
the uterus, or when they meet with delays in 
the abdomen or uterus, as I obſerved in ſome 


Frogs, whoſe intercourſe laſted a very long time, 
| The 


The very moment the ſemale has depoſited her 
eggs, the male forſakes her, having performed 
the taſk, for which this laſt was ſo wiſely de- 
11 ned. 2110 LET BEN Mon wer: 521 8 
Th wonderful copulation is perfomed in the 
the following manner. As ſoon as the male has 
leapt upon the, female, he throws his forelegs 
round her breaſt, Tab. XLVIII. Fig. 1 and 11. 
a, and cloſes: them ſo firmly, that I found it 
impoſſible to looſen them with my naked hands 
without wounding them; ſo that I found myſelf 
under a neceſſity of introducing an iron ſpatula, 
between the female's breaſt and the male's legs, 
the better to ſeparate them. The male moſt 
beautifully joins his toes between one another, in 
the ſame manner as people do their fingers at pray- 
ers. His head reſts on that of the female, 45, 
but in the hinder part, his body hangs a great 
deal lower than her's, as he lies ſo much more 
backwards than ſhe does: this poſture has its 
uſe, which 1 ſhall hereafter relate. The thumbs 
of the male's forefeet preſs with their thickeſt 
ſides againſt the breaſt of the female, and the 
extreme joints of the thumbs are bent a little. 

Let the female ſhake herſelf ever ſo much 
at this time, the male never lets go his hold, 
even tho' ſhe ſhould get out of the water, fo 
that one may carry them any where in this 
poſture ; which is likewiſe the caſe of garden 
Snails, when engaged in the ſame buſineſs. 
Such is the male's eagerneſs to act his part, 
that he is not to be parted from his mate, even 
by pulling him forcibly from her by his hind 
legs. Thus theſe little animals ſwim, creep, 
and live together for many days ſucceſſively, 
till the female has ſhed her eggs, which, at 
length, ſhe does in a manner inſtantaneouſly. 
I obſerved, that when they breathed, during 
this intercourſe, the external ſkin, which im- 
mediately covers the drum of the ear that lies 
under it, near the eyes, Tab. XLVIII. Fig. 1. 
cc, continually heaved up, and then fell again 
againſt that organ of hearing ; and this alter- 
nate elevation and depreſſion affords a pretty 
ſpeQtacle, when they both breathe, and open 
and ſhut their noſtrils by turns. 

It may be aſked, at what time the male 
leaps upon the female ? Whether it be before 
the eggs have paſſed through the tubes, or after 
this, when they are already heaped up in the 
uterus? But this circumſtance I omitted to 
examine. However, I cannot help delivering 
it as my opinion, that the male aſcends the 
female when the eggs have been taken up by 
the tubes, and ſome of them have begun to 
adhere to the uterus. My reaſon for thinking 
ſo is, that otherwiſe the male might defeat all 
his endeavours, by compreſſing and cloſing with 
his arms the mouths of the tubes. Perhaps, 
alſo, it is for this reaſon, that ſometimes ſome 
of the eggs remain in the abdomen, after the 
others have been ejected. But a certainty, in 
theſe caſes, might be eaſily obtained by diſ- 
ſection. | 


It had been ſuppoſed that this method of impregnation was 


ching nearly analogous is the caſe with the Water-Newt, and pro 
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When, therefore, all the eggs of the female 


are got together in her uterus, the tubes are 
f quite em ty; and when every egg has received 


its coat of white in theſe tubes, or in the horns 
of the uterus, ſhe throws them all out together 
by a ſingle effort; and, while this is doing, it 
may be obſerved, that the male acts the part 
of a midwife, and promotes the expulſion of 
the eggs by working with his thumbs, and 
compreſſing the female's body harder with his 
fore legs. Thus, at laſt, the eggs are diſcharged 
at the female's fundament in a long ſtream, d; 
and the male, who has no penis, immediately 
fecundifies, fertilizes, or impregnates them, b 

an effuſion of his ſperm, which he likewiſe diſ- 
charges at the anus, e, . But as the eggs, 


rendered very clammy and glutinous by the 


white that invefted them, have grown together, 
had been compreſſed in the uterus, they imme- 
diately, .on being caſt into the water, expand 
themſelves. into their former round form, /. 
Hence appears the neceſſity of the hinder part 
of the male's body hanging more backwards 


than the female's. As ſoon as theſe eggs have 


eſcaped from the female's body, between her's 
and the male's hinder legs, and have been im- 
pregnated by the male's ſperm, the two Frogs 
abandon each other. The male ſwims off, 
and works his fore feet as before, though they 


had continued ſo many days ſucceſſively, with- 
out the leaſt motion, in the moſt violent ſtate 


of contraction. 

The eggs thus dropt, immediately ſink to 
the bottom of the water, unleſs hindered by 
weeds that grow in ditches, or the like; and 
in a few days they return to the · ſurface again, 
if not ſtopped in the ſame manner. I opened 
a female about two hours after ſhe had diſ- 
charged her eggs in a glaſs veſſel, where I had 
kept her for that purpoſe, and found the ovary 
perfectly contracted, as I have repreſented it in 
the fourth figure of the forty-ſeventh plate, 
under the letter K. Beſides, there ith re- 
mained ſome eggs in the abdomen, one in the 
ovary, and one likewiſe in the tube. | 

Upon my proceeding, after this, to examine 
the ovary, which was emptied of its eggs, I 


diſcovered, in diſſecting the body, three dif- 


ferent ſpecies of muſcles; namely, ſtraight 
ones, interſected by four lines, and oblique 
deſcending and aſcending muſcles, lying under 
the former. When I had laid open the abdo- 
men, I obſerved a very remarkable ſingularity 
in the ovary. In the firſt place, I could diſcern 
in it eggs of four different ſizes and colours. 
Some of theſe were very ſmall and white, Tab. 
XI. VIII. Fig. III. a4; others a little bigger, 
and yellow, 4; a third kind was a good deal 
bigger ſtill, c, and of a duſky colour. There 
were likewiſe in this part a great many black 
little ſpots, d, which, at firſt ſight, I took for 
ſo many eggs; but the microſcope proved they 
were irregular particles, or eggs beginning to 
dec ay. Pak | 


8 to Fiſhes ; but this is one inſtance of the contrary. Some- 
ly future experiments will ſhew it in other water animals. 


On 
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On op wr eee ſome of — 
Alt the foregoi rticulars'appeared ſtill m 
diſtinctly N of the blood - veſſels a- 
mongſt the eggs being very difeernible, e, as 
likewiſe the manner in which the eggs were 
placed upon the ſmaller ramifications of theſe 
veſſels. When Thad attentively ſurveyed and 
conſidered all theſe things, I judged them to be 
the rudiments of the eggs, that were to be ſhed 
the enſuing ſeaſon; tho afterwards the irre- 
gularity of their figure, and their difference in 
ſize, made me alter my opinion. 

* inally, I found at the bottom of the mem- 
branes, which conſtituted the globules, and 
amongſt the eggs I have juſt now mentioned, 
ſome empty and very delicate membranes, Fig. 
Iv. aaa, which had ſerved to inveſt the eggs that 
had been already diſcharged from the ovary; in 
the ſame manner as it appears in the cluſter of 
eggs in Hens, which till retain, after the yolks 
have left them, the little membranes and cells 
which ſurrounded thoſe yolks; though, in 
courſe of time, theſe traces contract them- 
ſelves by degrees, and entirely diſappear. 
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Theſe particles were moſt beautifully inter- 
woven with blood - veſſels, to which they were 
fixed as to ſo many ſtalks, 55; as 1 have en. 
deavoured to ſhew both one and the other, and 
at the ſame time one of the largeſt blood- 
veſſels, cc; but all of them con ly mag- 


gave me reaſon to think, 


This obſervation | 
that the eggs I have been laſt ſpeaking of, 
might be, as it were, like fruits, which had 
not as yet attained their due point of perfection, 
and might wither and drop off, before they 
did ſo; and I found this to be the cafe, even 
with perfect eggs, that had remained in the 
ovary and abdomen, as I have in part repre- 
ſented under the letter /, of the third figure. 
Theſe little membranes, which I have been 
deſcribing, were torn, as it were, and fo col- 
lapſed as to form a ſmooth plain ſurface; for 
which reaſon I exhibit only a few of them. 
But it is time to ſee now what becomes of the 
eggs, when they are diſcharged by the crea- 
tures now under conſideration. 


Of the manner in which the young Frogs or Tadpoles grow in their parent's eggs, 
and are in due time hatched or delivered from them, 


$= E very next day after the eggs had been 
diſcharged, being the 18th of April, 
they were of the bigneſs repreſented at (1); 
and the albumen, or white, which ſurrounded 
them, was very inconſiderable: but I could 
ſee they grew from one minute to another, ſo 
that the day next following they were of the 
ſize at figure (2). The white, in proportion 
as the water gradually penetrated it, grew on 
every ſide more and more clear and tranſpa- 
rent; but the inſide, which immediately con- 
tained the embryo Frog, rather looked like an 
agate. As to the fœtus itſelf, I could diſcern 
no alteration in it. But not content with ex- 
ternal appearances, I reſolved to examine tho- 
roughly theſe eggs; but the ſurpriſing tough- 
neſs of the white threw ſuch obſtacles in my 
way, that all my endeavours ended in nothing: 
and though I, at laſt, ſtripped the embryo of 
the coats and other ſubſtances in which it was 
wrapped up, it was ſo cruſhed, and otherwiſe 
diſturbed by my handling it in the operation, 
that I could not by any means ſatisfy my cu- 
rioſity. | 

This diſappointment ng me to take 
another method. I put a large number of 
theſe eggs into different liquors, in hopes ſome 
of theſe fluids might prove a ſufficient men- 
ſtruum to diſſolve the white. At the ſame 
time I boiled, with the ſame view, ſome of 
theſe eggs in water; by which means I indeed 
ſucceeded, but not as perfectly as I deſired. 
However, I could ſee that the Kin of the en- 


cloſed Frog was regularly wrinkled, as in boil- 
ing it had loſt by evaporation ſome of its hu- 
mours. 


On ſurveying the next day the eggs I had 
put into the other liquids, I found that the 
whites had been coagulated by the liquor, 
whoſe effects I firſt attended to, 10 as to appear 
of a beautiful roundneſs, like bunches of grapes. 
In colour they in a manner reſembled an agate, 
or the boiled egg of a Lapwing. The little 
encloſed animal was alſo coagulated, ſo as not 
to fall aſunder on diſſection, though I could 
then more eaſily diveſt it of the yolk. 

In another liquor the eggs had acquired a 
purple colour; but very little of the white was 
diſſolved. I therefore paſſed to a third liquor, 
in which I found the white of the eggs was 
become more milky, and was a little diſſolved; 
and it had beſides loſt a great deal of its clam- 
mineſs and tenacity. The little Frog itſelf was 
increaſed to twice its ſize, and all its contents 
had in ſome meaſure contracted a colour : both 
which circumſtances afforded me a very con- 
venient opportunity of examining thoroughly, 


- and with great care, the firſt rudiments of this 


little animal. | | 
The whites of the eggs in the fourth liquor 


had aſſumed a greeniſh hue, and wanted little 


of being entirely diſſolved ; ſo that here alſo I 
could very conveniently ſurvey every part of 
the young Frog, eſpecially as this was alſo en- 
tirely coagulated in the fame manner with the 
yolk of a boiled egg. Theſe were the different 
effects, on various parts, performed by one and 
the ſame liquor. On examining, therefore, 
with a microſcope, the encloſed young crea- 
ture, I found it to conſiſt entirely of minute 
grains, which were in a manner uniformly 
divided, and were yellow and tranſparent, 
: | without 


without any other contents or viſcera, that I 
could diſcover. | The little animal was alſo 
divided throughout, as it were, into two parts, 

a very conſiderable furrow or fold, Tab. 
XLVIII. Fig. v. 24. In the upper part there 
ſtill remained ſome traces of a little yellow ſpot, 
that appeared there by ſome little openings, 
cracks, or crevices, 6. But on opening after- 
wards the egg, according to the courſe of the 
furrow juſt now mentioned, I could diſcern 
that, on one fide of the foetus, this furrow 
reached almoſt to the middle of its body, 
where this body was alſo ſomewhat convex, 
Fig. v1. a, in one part; and in the other part, 
to which that furrow equally penetrated, it was 
hollowed into a cavity, 6, which received the 
convexity of the firſt. On the oppoſite ſide of 
the fetus the furrow was not, by a great deal, 
fo deep, cc, fo that it juſt looked like a ſuper- 
ficial cut on the ſkin. The broken ſubſtance 
of the young Frog's body, compoſed of grains, 
dd, ſhewed itſelf in the place where theſe fur- 
rows terminated within. 

I afterwards diſcovered in a perfect Frog alſo 
this parting or diviſion, which I at firſt obſerved 
by mere chance in the embryos of this animal; 
and this new diſcovery procured me great faci- 
lity in accounting for that ſudden expanſion 
and elongation of the young Frog's body, on 
the fourth day, when it explicates or unfolds 
itſelf. - Hence I believe, that one part of the 
unfolded embryo forms the head and thorax of 
the ature perfect animal, and the other part 
the abdomen and tail, which grows larger and 
larger by degrees. | 
In the fifth liquor, where I had put ſome 
of the eggs, their whites were grown a little 
rediſh, and were almoſt diſſolved; but the en- 
cloſed embryos had ſhrunk up a little : by 
which means I obtained a ſight of a very lim- 
pid humour, that ſurrounded the young Frogs, 
and was itſelf encloſed in a delicate diſtinct 
coat or membrane. On examining theſe ap- 
pearances with a great deal of attention, I diſ- 
covered, that, on one fide, this membrane 
looked like the allentoies, Fig. vii. a; and I 
could even diſcern, in the cavity of it, a little 
white coagulated particle, floating in the en- 
cloſed liquor. The furrow, already men- 
tioned, was likewiſe viſible in the midſt of this 
egg, b; and, on the other fide, the little yellow 
ſpot, diſcernible in the fœtus, ſhewed itſelf 
through the tranſparent membrane which in- 
veſted it, c. This yellow ſpot differs in nothing 
from the other parts of the embryo Frog, ex- 
cept that the folds of the body are here larger 
than elſewhere ; and for the "oy reaſon, 5 

oportion as the Frog grows, this yellownelſs 
15 Natty wears wb, — changes to black. 

This ſecond diſcovery gave me room to 
ſuſpect, that the Frog's egg might likewiſe 
leave its amnion and its chorion ; and I had 
afterwards the pleaſure of diſcovering theſe 
membranes, though I cannot take upon me to 
ſay, that they can be diſtinguiſhed one from 
another. But I know for certain, that the 

Frog is wrapped up in a coat or membrane, 


The HISTORY SGH INSECTS. 


that it was now 
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which is very diſtinctly conſpicuous ; and that 
it floats, moves, and turns itſelf in a moſt 


limpid fluid contained in this coat, juſt in the 


ſame manner as the Chicken does in its colli- 
quamentum, or white. | 
This ſingular obſervation made me exceſ- 
ſively eager to ſearch, to the bottom, theſe ' 
wonderful and ſurprifing myſteries of Nature. 
I therefore examined this egg again, touching 
it a little more roughly. By this means the 
allentoies dilated itſelf by degrees, Fig. v111. a, 
as I thus forced into that membrane all the 
liquid contained in the amnion ; from which 
however, on removing the little inſtrument 
with which I had vreſſed it, it returned to its 
proper ſituation. | | 
t length, by treating this egg ſtill more 
roughly, I ſucceeded ſo far as to make the al- 
lentoies fall off from the Frog; and as, in fo 
doing, I wounded the creature, I could diſcern 
its black fluid particles flowing into the allan- 
tois, and at the ſame time diſturbing the liquor 
of the amnion, which it diſtended, thereby 
giving it the ſhape of a Pear, Fig. 1x. a; I 
therefore continued this operation, till every 
port of the allentoics was thoroughly expanded 
y the fluid particles of the wounded fetus ; 
as may be ſeen in the tenth figure, done after 
nature, but enlarged. With all this harſh 
uſage, I had not as yet broken any of the mem- 
branes. Ll 
I next took a ſurvey of the Frog's inſide; 
but I diſcovered nothing diſtinct enough to de- 
ſerve mention. I could only diſcern the little 
grains I have already deſcribed, and from 
which, as from a congeries of coagulated and 
united globules, this little animal ſeems to de- 
rive its origin, The menſtruums had pro- 
duced in this granulated ſubſtance a beautiful 
variety of colours, as yellow, white, purple, 
and many others. N 
The obſervations already mentioned, had 
thrown ſo much light upon the ſubject of my 
preſent inquiries, that the third day after the 
eggs had been diſcharged, Tab. XLVIII. (3), 
I could pretty clearly diſcern the young Frog 
floating in the liquor of the amnion, and ſee 
radually expanding itſelf. 
The whole egg alſo was grown much larger, 
by the water and food it had imbibed. The 
albumen that lay next the' Frog was ſomewhat 
whiter than before; and I even thought that I 
could perceive in this ſubſtance ſome white 
veſſels, which, as I ſuſpected, might ſerve to 
encreaſe the white of the egg, and 'convey it 
to the embryo, We may therefore reaſonably 
conclude this has its umbilical veſſets, though 


too ſmall to be diſcerned. I unhappily ne- 


glected this day to put any eggs into the men- 
ſtruums I had prepared to coagulate them, and 
thereby to obtain an opportunity of looking for 
theſe umbilical veſſels. | 9 
On the fourth day 4 4 4 4, all theſe parti- 
culars were ſo viſible, even without the aſſiſt- 
ance of a microſcope, as not to leave the leaſt 
room to doubt of their exiſtence ; eſpecially as 


the colliquamentum, or white, and the coats 
4 gs inveſt- 


_ 
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inveſting the embryo, were likewiſe greatly in- 
creaſed in ſize, and the Frog had unfolded and 
diſplayed itſelf under a variety of forms; as 


may be ſeen in the figures I have given, to re- 


preſent them of their natural dimenſions, 

The ſame was to be ſeen on the fifth day, 
and formed a moſt ſurpriſing and beautiful ap- 
pearance. I could now alſo diſcover by what 
means the chorion and amnion dilate them- 
ſelves gradually, in the middle of the white. 
The ring alſo, formed by the white veſſels of 
the chorion growing round its circumference, 
was now extending itſelf ; but with all this, 
no umbilical veſſels yet appeared in the colli- 
quamentum of the amnion, though this liquor 
was as tranſparent as chryſtal. I could now 
alſo moſt diſtinctly diſcern the diviſion of the 
young Frog into head, thorax, belly, and tail, 
as well as the manner in which it was beauti- 
fully adorned about its thorax, and near its 
head, with ſome black ſpines, diſpoſed like a 
border, and highly worth our notice, as I ſhall 
hereafter explain. All theſe things may be 
ſeen in the figure, number 5, Tab. XLVIII. 

I muſt here obſerve, that I could not now 
any longer diſcover the allentoies ; but whether 
the ſight of it was intercepted by the dilatation 
of the chorion or amnion, or whether it had 
only conſiſted originally of the folds of theſe 
membranes, or in what other manner this dif- 
ficulty may be explained, I cannot take upon 
me yet to determine. It was matter of great 
entertainment to me, this day, to ſee the em- 
bryo Frogs rolling and tumbling about, almoſt 
perpetually, in the ſurrounding amnion. 

On the middle of the ſixth day I could per- 
ceive, that ſome of the young Frogs had diſ- 
engaged themſelves from the chorion and am- 
nion, and deſerted the albumen, or white of 


the eggs; whilſt others were only preparing to 


break looſe, and others again had not even at- 
tained ſo much ſtrength and perfection as theſe. 
I oblerved alſo, that ſome of the eggs had in- 
creaſed in ſize, without unfolding themſelves ; 
and theſe, I believe, were ſuch as had not been 
impregnated by the male's ſperm. I after- 
wards met with two albumina, or whites, 
which did not now contain, and never had 
contained, any Frogs, though I could diſcern 
in them a white ſpot; ſo that perhaps theſe 
were imperfe& eggs, which had dropt from 
the ovary with the reſt, and had received 
equally with them their proportion of albumen, 
in paſting through the tubes. Thus did I, in 
this ſubject, diſcover a great many of Nature's 
miraculous operations. 

The tenth day (10) I had the pleaſure of 
ſeeing the young Frogs, which had deſerted 
their albumina, in an almoſt perpetual motion, 
ſwimming alternately to this their primitive 
habitation, and then from it again, for the fake 
of reſt and food. Theſe Frogs were of the 
form repreſented by the figure, number 10, 


and they were grown very little larger ; but I 


thought it very remarkable, that the little black 
appendages, like borders, before mentioned, 


were greatly increaſed in bulk. Theſe ſpines, 
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it is probable, were intended by Nature. to 
aſſiſt the little animal in ſwimming, as well as 
in remaining quiet and repoſing itſelf in the 
white. They greatly added to tne beauty and 
ſingularity of its appearance, according to the 
judgment I had at ficit fight formed of them. 
On the 1 5th 1 diligently ſurveyed, through 
the microſcope, the external parts of the young 
Frog, as I have ie eos in two ſeparate 
figures, of its natural ſize, in Fig. xi. and 
in Fig. x11, a, of the ſize given by the micro- 
ſcope, when laid upon its Pack. I could now 
moſt plainly diſcern its diviſion into head, tho- 
rax, belly, and tail. The eyes lay on each 
fide of the head, Fig. x11. aa, and were be- 
ginning to project a little, though they ſtill 
appeared as if they were ſhut. On the fore 
part, between the eyes, appeared the animal's 
wide mouth, b. A little lower than the head, 
there were fixed to the thorax ſeveral particles 
in two arrangements, twelve on a fide, very 
much reſembling, in form, the little fimbriated 
appendages already mentioned ; which I here 
repreſent as riſing from the ſides of the body, 
cc. I obſerved, that the little Frog could ex- 
pand theſe particles at pleaſure, and draw them 
up towards the abdomen, and afterwards re- 
duce them to their former ſituation. The 
diviſion of the thorax and abdomen was prett 
diſtinct. In the belly lay an inteſtine, which 
ſwelled beyond the external ſurface ; and, tho 
not completely coiled, formed a .great variety 
of windings 1n its way to the root of the tail, 
where it at laſt ſeemed to terminate, d. The 
ee tail on each fide was ſomewhat tranſparent, 
but more opake in the middle, owing to its 
being thicker thereabouts, and to its having 
alſo there a great many cartilaginous parts, 
each furniſhed with its peculiar muſcles for 
moving the tail. I could therefore plainly diſ- 
cern, that this cartilaginous and muſcular por- 
tion of the tail, extended to its very extremity, 


7, in the midway between the two membra- 


naceous lateral one. The ſkin of this young 
Frog, viewed with the microſcope, looked ex- 
actly as if it was thick ſet with black ſpots, 
upon a lighter ground, which appeared in their 
interſtices. 

On my diſſecting this animal, and opening 
its abdomen for the firſt time, the inteſtine ap- 
peared very conſpicuous ; but fo delicate, that, 
with the ſlighteſt handling, it diſſolved into a 
great many globular particles; as did likewiſe 
the appendages, which were diſpoſed with 
great art, like beautifal round ſpots, on each 
ſide of the thorax. Even the ſkin itſelf, when 
handled, fell into particles of the fame form. 
I could not diſcover the ſtomach, on account 
of this wonderful tenderneſs of the auimal's 
internal parts. I thought, indeed, I ſaw the 
heart; but I could not perceive either blood or 
veſſels. The contents of the thorax fell alſo 
into little globules, in the ſame manner with 
the other parts already taken notice of. The 
eyes exhibited themſelves much more diſtinctly 
within the head, than in its outſide. The car- 
tilaginous rudiments of the tail were grown to 


ſuch 
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ſuch a degree of firmneſs, that I could but juſt 
ſeparate them-from the adjacent parts. 'Tho' 
the tail moved about pretty violently, I could 
not clearly notwithſtanding diſcover its muſcles, 
as well becauſe they were extremely minute, 
as becauſe. the ſame wonderful fluidity and 
ſpherical configuration ſhewed itſelf in the 
arts of theſe organs of motion. However, 
could plainly perceive them growing in an- 
other little Frog, near the root of the tail. 
The colour of the animal's internal parts was 
a dark gray. This proved another obſtacle to 
my- anatomical. inquiries, by cauſing, in all 
their appearances, an immediate confuſion. 1 
could diſcover nothing more than I have al- 
ready mentioned in ſome of theſe Vermicles of 
Frogs, which I had ſet apart as larger, and 
— fitter for diffeQion than others. 
I could only obſerve, that thoſe round particles 
or grains, of which I ſaid, at my ſetting out, 
that the eggs conſiſted, went likewiſe to com- 
poſe the ſin and internal parts of the Frog. 
A circumſtance that could not fail of ſurpriſing 
me greatly, and the more ſo, as they were con- 
ſiderable and diſtinct enough to be ſeen with 
a common microſcope. | 
At this time, namely, on the 2d of May, I 
caught a Frog, which had not as yet diſcharged 
her eggs; for which reaſon I opened her, and 
fed with them my young Frogs. This ani- 
mal's miſſing the uſual ſeaſon for this opera- 
tion, might be owing to her wanting a male, 
or to her being in a ſickly condition. Be that 
as it will, her eggs did not unfold themſelves 
on being thrown into the water, like the 
others. | 
On the twentieth day of theſe experiments, 
which was the 7th of May, the fimbriated. 
appendices, Tab. XLVIII. Fig. x11. cc, had 
begun to diſappear; and were no more to be 
ſeen on one fide of a Frog, ſomewhat bigger 
than the reſt. This made me eager to inveſ- 
tigate the cauſe of ſuch a change, eſpecially 
as the appendages of the left ſide, which had 
not as yet totally vaniſhed, till continued in 
motion. In the courſe then of my inquiries 
for this purpoſe, I obſerved, that the ſkin of 
the body, which lay between theſe particles, 
had grown over ſo as to cover entirely that of 
the right fide ; and had already begun to take 
in, after the ſame manner, the particle on the 
left. I afterwards diſcovered, that the two 
icles I have exhibited as lying on the ani- 
mal's thorax, under its head, with a direction 
downward, had each of them a paſlage to 
that part under the ſkin, which appeared to 
extend towards the fimbriated appendages ; 
but I could not be ſure of this circumſtance, 
on account of the extreme tenderneſs of all 
theſe parts in the young Frog. However, I 
hence, with great reaſon, ſuſpected that theſe 
particles might afterwards poſſibly grow into 
the young Frog's branchiæ; for I alſo obſerved, 
that the particle, which the ſkin had already 
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over- run on every ſide, had likewiſe loſt ſome- 
what of its original appearance and form. 

The protuberant inteſtines might now be 
more eaſily diſcerned ; and their termination, 
at the place already mentioned, Tab. XLVIII. 
Fig. x11. d, was become much more conſpi- 
cuous. The pulſations of the heart, at this 
period very ſtrong, were likewiſe very viſible 
through the tranſparent ſkin *. In the tail 
the cartilaginous vertebræ, and the muſcles 
fixed to them on each fide, ſhewed them- 
ſelves very diſtinctly, and, in a beautiful man- 
ner, reſembled a gooſe-quill branching on both 
ſides into ſmaller feathers; for thus, nearly, 
thoſe muſcles hung to the cartilages which 
they were to move. | 

In diſſecting the little animal, I found its in- 
teſtines were increaſing every way by degrees, 
but in length eſpecially; to favour the increaſe 
this way, they were rolled up into coils, on ac- 
count of the ſhortneſs of the body in which 
they lay. But they were, however, as yet ten- 
der, and their external coats ſtill conſiſted of 
little globules. I could now juſt diſcern the 
ſtomach, as likewiſe the liver and gall-bladder 
of an aqueous or watry colour, and compoſed 
likewiſe of ſpherical particles. The entire liver 
conſiſted alſo of grains of the ſame form, and 
the very heart itſelf, which I took panting out 
of the body, and at every ſyſtole uſed to fill 
with thoſe grains, the little tide of whitiſh 
blood it drove into the arterics. 

Upon the whole, it was manifeſt, that the 
heart was formed in the little Frog, in much 
the ſame manner with that of Chickens, ac- 
cording to the account given us of them, by 
that illuſtrious anatomiſt, Marcellus Malphigi. 
The blood-veſlels alſo, now ſhewed themſelves. 
The eyes, and all their humours ſtill conſiſted 
of little globules; as did even the black part 
of the uvea. The mouth, contracted like the 
mouths of Fiſhes, was grown a great deal 
more wide and ſpacious, tho' not ſo large in 
proportion, by many degrees, as that of a Frog, 
arrived at its full growth ; or even of a young 
Frog that has juſt thrown off its tadpole ſkin ; 
as ſhall be illuſtrated with a figure in its pro- 
per place. As to the particles which formerly 
lay on the outſide of the thorax below the 
mouth. I could no longer fee any thing of 
them ; nor have I made any other obſervations 
concerning theſe appendages, beſide thoſe al- 
ready mentioned. 

May the twenty-third, which was the twenty- 
ſixth day after the 'young Frogs had left their 
white ſubſtance, I received a ſupply of little 
Frogs from the country, in a flat-bottomed 
carthen pot. 

Having before diſſected all thoſe that I had 
hatched and and raiſed myſelf, leſt the little 
animals ſhould be killed in the paſſage by the 
continual toſling of the water ; and in order to 
afford them reſting places, I ordered, by way 
of preſervation, that the pot ſhould be nearly 


No creature affords more entertainment or inſtruction, by the microſcope, than the Frog. The animalcules in the ſemen of 


the male we have already mentioned. The circulation of the blood is ſeen in the meſentery, by the help of the ſolar microſcope; ®- 


more beautifully than in any other creature. 


filled 
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filled with duckweed : and have with this ſoft 
matter, only a little water. This contrivance 
anſwered ſo well, that I received all the Frogs 
in good condition. The ſmalleſt ſpecies of 
them was of the fize exhibited in the the thir- 
teenth figure, Tab. XLVIII. Fig. xIII. and 
theſe were the Frogs I now took under my 
conſideration, as I had ſet out by conſidering 


thoſe of the ſmalleſt kind. This pot contain 


a good many Frogs of twice the ſize of the 
former, but they were the offspring of a larger 
ſpecies ; ſo that I only made uſe of them to ob- 
tain better notions concerning ſuch parts of the 
animal, as I had before diſcovered them in the 
ſmaller ſpecies. It is now time to deſcribe the 
many curious things that occurred in the courſe 
of my ſuperficial ſurvey and anatomical in- 
ui y. 

The firſt thing that appeared worth notice, 
without diſſection, was the wonderful contri- 
vance and conſtruction of the mouth, Fig. 
XIII. 2. But as theſe parts of the young Frog 
are too ſmall to be properly repreſented in 
figures of their natural ſize, I ſhall rather ex- 
hibit them as they appear thro' the microſcope, 
on laying the creature upon its back, with its 
viſcera ſeparated one from another. The ex- 
ternal opening of young Frogs mouths, is by 
no means placed in the anterior extremity of 
the head, as it is in moſt Fiſhes, and even in 
grown up Frogs, but opens in the thorax a 
little deeper under the head, as in the Shark, 
ſo that the young animal is obliged to turn 
itſelf on its back, in order to ſeize any thing 
that floats upon the ſurface of the water ; and 
T have often ſeen it throw itſelf into this poſ- 
ture, either when it happened to be very hun- 
ery, or intended to diſcharge the air from its 
lungs: upon theſe occaſions, it turned ſo nimbly, 
that my eye could ſcarce follow it. 

The aperture of its mouth conſiſts of an un- 
der jaw aa, Tab. XLIX. Fig. 1. and a upper 
one , both moveable, of an extreme black- 
neſs, and armed with very ſmall teeth like a 
law, with which, conſidering its ſtrength and 
ſize, the little animal is able to bite exceeding 
hard. Theſe parts ſeem to be made of a ſlen- 
der, horny, and pretty flexible bone. There 
are, morcover, both above and below the open- 
ing, a great many little horny bones of the 
{ame kind, furniſhed with a multitude of little 
black teeth. All theſe little bones are placed 
upon ſome muſcular and very white plaits, 
which ſerve the animal like ſo many lips, and 
ſhut its mouth, or keep it ſhut ; they firſt ſeize 
the prey it aims at, and then help it to draw 
gradually into its mouth the food it has taken 
hold of : for this reaſon the young Frog can 
move open and cloſe all theſe muſcular parts 
in a great variety of ways. The ſkin lying on 
each ſide beneath the mouth, conſiſts of a 
great number of white papillæ cc; ſo that it 
affords in the Frog itſelf a very beautiful ap- 
pearance. A little lower down are the protu- 
berant eyes dd. The ſkin that covers theſe and 
every other part of the body are moſt neatly 
coloured like variegated marble with gold ſtars 
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and ſpots as it were upon a black ground. This 
animal, when turned ſo as to lie on its back, 
ſhews on the forepart above the eyes, its noſtrils,” 
thro' which it breathes, lifting the head for that 
purpoſe, a little above the farface of the water; 
and on this occaſion it moves thoſe parts, which 
it alternately expands and contracts, in a very 
elegant manner. in id g 
On opening at this time the little animal's 
thorax, there appear very diſtinctly in this part, 
and a little below the place where the bone of 
the breaſt grows, the branchie, or gills, di- 
vided on each fide into four primary orders, 
or rather ranges ee. We may even fee how 
each of theſe orders is again, as it were, ſub- 
divided into a great many globular prominent 
parts, along which the blood-veſſels run in vaſt 
numbers, and in an uncommon and very beau- 
tiful manner. At the ſame time the lungs are 
alſo ſeen lower down in the abdomen ff, and 
they are almoſt always found ſwelled with air, 
in the manner I have repreſented the right por- 
tion of them; where I have likewiſe taken oc- 
caſion to exhibit the blood-veflels diſpoſed over 
this organ. The left portion is repreſented as 
it appears when collapſed ; for then there re- 
mains in it but a very inconſiderable portion of 
air, which, on account of the extreme delicacy 
and tranſparency of the membranes conſti- 
tuting the pulmonary lobes, appears no other- 
wiſe than as a naked bubble of air, lying ex- 
ternally on the part whoſe continuation really 
encloſes it. 45 „. 
This is a moſt curious obſervation, as it in- 
forms us there is an animal, which, at one and 
the ſame time, has both gills and lungs, both 
ſerving to circulate, cool, alter, and purify the 
blood. It is probable the air, in this creature, 
mixes with the blood in its paſſage through the 
lungs; and that afterwards, in company with 
this fluid, it viſits every part of the body; whilſt 
the water, by paſſing thro' the mouth at the 
gills, has at the ſame time the very fame 
effect. ä 
Theſe gills are no other than the little fim- 
briated appendages, which I repreſented bigger 
than the life, in Tab. XLVIII. Fig. x11. as 
hanging on the outſide of the body; and 
which, on being taken in by the creature in its 
growth, are now advanced to the important 
office of gills. It is in this manner exactly, 
that the vitellus of the Chicken, which at firſt 
lies without the abdomen, comes afterwards 
by degrees to be ſhut up in the belly, as Dr. 
Steno firſt deſcribed this natural proceſs, which 
he likewiſe illuſtrates with an accurate figure 
and immediately after him, that curious En 
liſhman, Walter Needham: for theſe two 
gentlemen, who were quite unacquainted with 
each other, made this diſcovery at the ſame 
time, in different countries. Theſe borders or 
edgings are very diſcernible on the little Frog's 
firtt appearance from within its albumen, and 
while they continue on the outſide of the body. 
The learned Oligerus Jacobzus was acquainted - 
with theſe particles, as appears .by his being. 
the firſt who gave a figure of them, with a. 
ſhort 
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ſhort explanation, in which he juſt takes notice 
of their diſappeating in time; but this circum- 
ſtance might be caſily known, and without the 

help of diſſection, and I took notice of it myſelf 
more than twelve years ago. The gills hereto- 
fore deſcribed, may be like wiſe ſeen within in the 
Frog's mouth, through which the water flows 
upon them, and is then diſcharged, after alter- 
ing the blood that paſſes through theſe organs. 
Nor could I ever yet diſcover, that theſe bran- 
chiz or gills, have any openings on the ſides of 
the body, as is uſually the caſe in fiſhes. - 

Here it may be probably aſked, whether the 
blood circulates in the young Frog, both through 
the gills and lungs? This I cannot abſolutely de- 
termine; for whilſt I was engaged in theſe ob- 
ſervations, I was diſturbed with the caſes of 
many who were dangerouſly ſick, which pre- 
vented my having time and leiſure for examining 
this matter in the largeſt young Frogs, one of 
which I have repreſented, Tab. XLVI. under 
No. V. otherwiſe I had refolved to render theſe 
obſervations on the generation and change of young 
Frogs as complete as poſſible. I muſt therefore de- 
fire the reader to accept what I now exhibit on 
this ſubject, as the prelude only of a more per- 
fect work, to be hereafter publiſhed. Though 
I have already obſerved many things concerning 
this matter, I have not ſuch confidence in my 
memory, as to preſume to publiſh, before I re- 
examine them, 

In order to make ſome anſwer from my for- 
mer obſervations to the queſtion I have juſt now 
propoſed, I am thoroughly perſwaded, that the 
greateſt part of the blood circulates in the young 
Frog through the gills; and that only a ſmall 
part of it is conveyed through the lungs; and 
this defigned probably only to nonriſh them, and 
to ſupply the remaining maſs of blood with air. 
The reaſon why I propoſe this opinion is, that 


only a very ſmall portion of the blood circulates 


thus in full grown Frogs, in which the gills, be- 
ing probably thrown off with the laſt ſkin which 
the Tadpole caſts, wholly difappear ; and, on 
the other hand, the greateſt part is after this diſ- 
tributed into the whole-body, out of the heart 
through the arteries, without touching the lungs. 
This is made evident in a letter, which I formerly 
wrote to the celebrated Oldenburg, ſecretary to 
the royal ſociety of London, and which is to be 
found in the philoſophical tranſactions of that ſo- 
ciety; I hope alſo, that by this obſervation, I 
have at length proved it, againſt the opinion of the 
famous Malpighius and Needham, who think 
the blood is perfected in the lungs; that ſan- 
guification, or the making of blood, muſt be 
wholly attributed to the liver. I am perſuaded, 
that I can demonſtrate it very eaſily : though 
ſome, ſtimulated with envy and vain glory, bark 
againſt it, like dogs againſt the glittering bright- 
neſs of the moon, My experiments concerning 
this matter, indeed, penetrate further than any 
perſon hath ever probably thought. But I return 
tothe Tadpole or young Frog, | 

The heart, Tab. XLIX. Fig. 1. g, is placed 
between the gills in the Tadpole ; and out of it, 
one may very diſtinctly ſee produced the great 
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artery: this is divided into two branches; and 
theſe are further divided into very conſpicuous 
(prigh or {hoots, which have all gills annexed to 

but whether ſome of thoſe branches are 
likewiſe tranſmitted to the lungs, as is the caſe 
in full grown Frogs, 1 could not at this time, 
for the reaſons beforementioned, examine: I am 
ſtill doubtful alſo, whether all theſe ſhoots are 
diſtributed to the gills alone. 1 
Near the heart is placed the auricula h, whic 
has not yet ſuch a fituation or figure, as it has in 
full grown Frogs. But in the examination of 
the auricula, and its veſſels, J have not yet ar- 
rived ſo far as to ſatisfy myſelf: therefore, I 
cannot exactly declare, whether thoſe two veins, 
which I delineate under the Auricula; reach to 
the gills, and carry back the blood from them 
to the heart, or whether they communicate with 
the veſſels of the lungs. All theſe matters ſtill 
remain to be inquired into, But for this reaſon, 
I do not ſcruple to delineate thoſe parts, as they 
appeared to me, without examining them more 
exactly. 

Below thoſe two vcins is ſituated the vena 
cava and liver, :; this I obſerved to be divided. ag 
it were, into four lobes: it is at this period 
whitiſh, and ſomewhat rediſh, It is plainly 
diſcovered, that the liver is compoſed of very re- 
gular glandulous granules, which one may take 
for very ſmall glands. Near the liver in the 
Tadpole is placed the gullet, &, which deſcends 
from the mouth to the ſtomach, and is deline- 
ated here in that form. But, in order to avoid 
confuſion, I delineate the gall-bladder, J, near 
the other ſide of the gullet. That little bag of 
gall was at this time of a white, diaphanous hue: 
nay, the bile itſelf was limpid and perſpicuous, 
and without any bitterneſs ; though in the full 
grown Frogs, it is ſometimes ſo green and fluid, 
that it may be uſed to draw lines. The fluidity 
of the gall ſeems to me to depend on its piercing 
bitterneſs, which is manifeſt ſome months after- 
wards, if paper, rubed over with ſuch gall, be put 
into the mouth. The ſpleen in the Tadpole is very 
ſmall, triangular, but ſomewhat irregular, and 
much more red than the liver : this is likewiſe 
the caſe in full grown Frogs, 

There was nothing more beautiful to obſerve 
in this diſſection, than the courſe of the gullet, 
ſtomach and inteſtines ; for theſe parts were ob- 


ſerved to be very admirably: convoluted in the 


body of the Tadpole. The firſt ſinus, into which 
the gullet was twifled, u as about the liver, Tab. 
XLIX. Fig. 1. n, under which I have delincat- 
ed, u, a certain portion of the meſentery, toge- 
ther with its blood veſſels. The ſtomach was 
in the beginning, and in its ſtate of accretion, 
like a piece of red fleſh, which being partly ſitu- 
ated over the gullet and ſmall guts, began o ro 
ſwell and grow thick. But there was likewiſe 
obſerved a great number of blood veſſels, which 
diſtributing themſelves through the Romach, 
formed as it were a beautiful net. 

I here diſcovered moſt clearly, that the ſto- 
mach in the beginning of the young Frog's ac- 
cretion, did not yet per form its office, which was 
in the mean time performed by its gullet and 
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inteſtines, which were for that reaſon made pro- 
portionably larger and longer in the young Ftog, 
than even in the full grown one. On meaſur- 
ing the length of the inteſtines in this little crea- 
ture, I obſerved it to be five inches. When 1 
thoroughly viewed the contents of the gullet, 
ſtomach and ſmall guts, I obſerved they were all 
of the ſame nature, and contained ſome parts, of 
aquatic plants, little grains of ſand, clay or mud. 
Therefore, when I fed theſe young Frogs with 
Duckweed for ' ſome time in my chamber, in 
ſtone baſons, I obſerved that they eat all the 
roots of it ſo clean, that none remained ; but not 
the round little part or leaf, which is full of air, 
and ſwims on the ſurface of the water, But af- 
terwards, when they had nothing to eat under 
the water, I obſerved them continually rolling 
about on their back for hunger, and conſtantly 
catching the reſidue of the Duckweed in their 
mouth, though it was too big for them to ſwal- 
low. 

At the ſame time, I obſcrved alſo, that the 
orbicular leaf of the Duckweed is not only full 
of air-bubbles, and for that reaſon neceſſarily 
floats on the ſurface of the water ; but that even 
its very root of the plant, contains air, tho” not 
in a proportional quantity: this is probably the 
reaſon why the root ſubſides. I further obſerved, 
that the extremity of the peduncle, or root of 
the Duckweed, is thicker in proportion, and 
more porous than the ſtalk itſelf : and conſe- 
quently the nouriſhment ſeemed to me to pene- 
trate through that extremity to the leaves, I 
likewiſe obſerved, that when I nurſed up one 
plant of Duckweed in a baſon of water, and ex- 
poſed it to the rays of the ſun, it inſenſibly put 
forth many roots; nay, that the very leaf of 
theſe little plants multiplied and increaſed into 
two, three, or four other leaves; the leaſt of 
which, afterwards ſeparating from the parent, 
formed ſeveral other ſmall ones; fo that this 
little plant ſeemed to multiply itſelf without ſeed, 
in a very ſhort time. I had indeed reſolved, yet 
more accurately, to inveſtigate and delineate theſe 
things: but the reaſons before mentioned, have 
likewiſe diverted me from this reſolution. 

Some years ago, examining the tubercles, 
which are found on the back of Fern-leaves, I 
oblerved that they conſiſted of ſome thin plates, 
or laminæ, in which the pods, containing the real 
ſeeds of the plant, were encloſed : though many 
authors deny that this, and ſuch like ſpecies of 

lants have any ſeed *, Since the art and ſtruc- 
ure obſervable in theſe pods is admirable, I ſhall 
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* Every part of natural hiſtory is greatly improved of late time. 


vive a brief deſcription of them, unt 1 have | 


NATURE} of 


time to delineate tbem magnified; as I hive for- 
merly done to oblige Dr. Arnold Syen, profeſſor 
of botany, to whom I freely communicated this 
uncommon obſervation, ſince it regarded his 
profeſſion: of which, however, no further no- 
tice need be taken hermmme . 
Thoſe pods are of a round figure, and ate 
compoſed, as it were, of two hemiſpheres, 
placed cloſe to each other; but they may be 

arted in the middle. About this joint or ſeam 
is beautifully twiſted à little herbaceous cord, 
which keeps the two ſegments of the pod in 
their ſituation. One extremity or baſis of this 


little rope grows to the fern- leaf; but the other 


is affixed to the lower hemiſphere of the pod; 
and at length, after ſurrounding the whole pod, 
it terminates in the upper part of it. 
In the cavity of this pod the Fern+ſeed lies; 
and it is indeed fo ſmall, that it is with great 
difficulty to be diſcerned by the naked eye; 
and when blown upon, it vaniſhes into the air 
like fine duſt. nu 
But this is only a ſmall part of thoſe beauties 
that are obſerved about the pod, and its cord. 
I beg leave to obſerve from hence, that when 
the ſeed grows ripe on the inſide, andthe 
dries away, then the cord, - twiſted round the 
pod like a rope, is ſo ſtrongly curled, on ac- 
count of its contorſions, that it makes the 
fly into two parts, and forces a paſſage ſor the 
ſeed to diſperſe itſelf. £4 4997 
This may be ſeen clearly and diſtinctly, if 
the ſeed be examined in autumn with a micro- 
{cope : for as the head- is, under this inſpection, 
very near this ſeed, I have often obſerved, that 
a great number of theſe pods,” burſt afunder 
by force of the twiſted cords, which are con- 
tracted by the breath and heat of the body, 
and the feed, is by this means thrown out. 
But theſe things are only ſaid occaſionally in 
this place . | * elt 
The pancreas in the Tadpole was obſerved, 
Tab. XLIX. Fig. 1. p, to be ſituated near the 
ſtomach, and compoſed of diſtinctly conſpi- 
cuous glandules. Below the ſtomach appeared 
7 the ſmall gut, with its blood- veſſels and con- 
tents, which were of a greeniſh tranſparent 
colour. But the convolutions of the inteſtines 
exhibited the moſt beautiful ſight of all; for 
theſe were orderly-and regularly rolled r into 
two diſtinct ſerpentine i forms. One of their. 
extremities was joined to the rectum, s, which 
at length conſtituted the fundament between 


This author firſt diſcovered the ſeeds of Fern, unknown to for- 


mer writers; and we have ſince diſcovered thoſe of Duckweed, which were unknown to him. This little plant is now known to 

roduce its like in the manner of all others. Small as the whole plant is, it produces flowers of all kinds from the ſame root. In 
Boe of them are the filaments, two in number, and a ſingle ſtyie riſing from a ſmall oval rudiment of a fruit: in others, there are 
no laments, but only the rudiment of a fruit with its ſtyle. he cap which contains theſe, is alike in both kinds; it is rounded, 
and ſplits on one fide 2 there are no petals in either flower. The rudiment of a fruit decays, and comes to nothing in thoſe flowers 
which have the flaments with it; but in the others it becomes a globous ſeed veſſel, terminated by a point, and contains ſeveral ob- 
long feeds, This is eſtabliſhed on the opinions of Micheli, Dillenius and Buxbaum, and is confirmed by Linazus, and by expe- 


rience. 


+ The world owes Shay acknowledgments to this author for many diſcoveries ; and he with juſtice claims that diſtinction, in 


regard to the ſeeds of 


ern, of which he treats more largely hereaſter. The ſcience of Botany is ſo far improved ſince his time, 


that we have diſcovered diitinfly the feeds, and their peculiar diſtribution on the leaves, in all the capillary plants. In Oſmund they 


are encloſe in diftin& globular capſules, which burſt ſideways; in the Louchilis they are laid in lines, like creſcents, 
hollows of the leaves; in Hartſtongue and Trichomanes they are diſpoſed, in ſcruight lines, under the diſk of the leaf; in 
tney are arranged in round dots; in the true Maidenhair in oval aſſemblages, at the t ps of the leaves: 


der the 
olypody 


the Horſetail has them in 


oval ſpikes; and the Adderſtongue in cells, placed in two rows _ the ſpike. "Theſe plants are now found to belong diſtinctly 


to the ſour kinds; and in the Rutta Muraria they cover the whole un 


er- part of the leaf. 
the 


the two hinder legs, f. The difference, how- 
ever, between the ſmall and great guts was not 


very conſiderable in the Tadpole 3 nor is it very 


remarkable in the human fatus, in which 
there is, at firſt, very little difference between 
the ſmall gut, colon, and rectum; as I can 
demonſtrate in a human fœtus ſix mopths old. 

The moſt remarkable thing in this little ani- 
mal was, that only the rudiments ef u the 
two hinder feet of the Frog were yet ſeen; 
and from them the toes, not yet ſtrengthened 
inwardly with bones, began to ſwell, as a 
branch does out of a tree ; though the figure 
and conſtruction of the feet was, however, 
pretty perfect and evident. But as to the two 
fore legs, not even the leaſt veſtige of them 
yet appeared outwardly, becauſe they lay xx 
hidden, covered and encloſed under the ſkin: 
nor did they come in view before the ſkin was 
cut open in that part, and then they were ſeen 
ſituated above the lungs ,and below the gills, 
though they were not ſo perfect as the hinder 
feet. | 
It is evident, from what has been ſaid, that 
this animal may and ought to be conſidered, 
in its original, as a real inſect, ſince it hides its 
limbs under the ſkin, and theſe increaſe there 
until the change of the laſt ſkin is near at hand; 
at which time it is obſerved in inſects, that they 
are, as it were in an inſtant of time, tranſ- 
formed into other creatures, and exhibit to 
view ſuch limbs as they did not before appear 
to have. The ſame thing likewiſe holds in 
young Frogs or Tadpoles :/ wherefore this ani- 
mal ought” to be placed in the ſecond order or 
claſs of our natural changes, unleſs the juſt 
laws of method had commanded me to treat 
of it at the end of this work, in order to make 
the likeneſs between animals which have a red 
blood, and thoſe which contain white, yellow, 
or green blood in their heart and veſſels, the 
mort evident. being. 
As we ſee inſects loſe many parts with their 
old ſkin, this is likewiſe the caſe in the Frog; 
which, beſides other things, plainly caſts off its 
mouth and tail: ſo that, however admirable 
the art, order, conſtruction, and parts of its 
members may appear to be; yet the nerves, 
arteries, veins, cartilages, muſcles, and many 
other remarkable parts, which gradually vaniſh, 
and are, 8 it Were, become inſenſible, are, de- 
ſtroyed at once, | ceaſe'their motions, and ſtop 
their ſeveral! functions, on the change. Are 
not theſe changes admirable? And do not they 
lay before our eyes the: omnipotent hand of 
God, conſpieuous in his inacceſſible. radiancy 
and infinite: majeſty? He, in this caſe, forms 
another out of one and the ſame animal, which 
though different in appearance, yet remains one 
and the ſame creature. May not the reſurrec- 
tion of the dead be exemplified in this illuſtri- 
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ous inſtance? All this is very elegantly mani- 
ſelſſed in various inſects. 

As the want of ſubjects now prevents my 
being able to inveſtigate further the moſt arti- 
ficial compoſitions and changes of the limbs 
in the Tadpole, I ſhall here deſcribe only the 
muſcles, which are moſt regularly placed in the 


middle of the tail, and merit very particular 


notice. Thoſe .muſcles are laid ſomewhat 
obliquely, and. converge, Tab. XLIX. Fig. 1. 
vi to cach other, from the two ſides of the 
tail towards the middle; and each of them is 
likewiſe divided into many moving fibres. That 
this may appear the clearer, I have delineated 
them as if they lay outwardly on the ſkin. On 
each ſide of the muſcles is ſeen 22 the mem- 
branous ſkin of the tail, marked with beauti- 
ful points: by the help of this part the Tad- 
pole moves its tail, and ſwims, ſince it uſes it 
like an oar, to puſh its body, forward, with a 
{ſerpentine motion. | 
. . Before I proceed to other obſervations, which 
I have made on the full- grown Frog, I ſhall 
give the method whereby the Frog changes its 

in. I would have it obſerved, that 1 here 
treat of the largeſt ſpecies of Tadpoles, ſince 
the other kinds are much ſmaller. To which 
I muſt add, that 1 increaſed it a little above 
its natural ſize, in order to explain more in- 
telligibly the metamorphoſis of the ſkin. The 
time when the young Frogs begin to caſt 
their ſkin, and to put on the form of a Nymph, 
is with us about the middle of June, or 
ſomewhat later; that is, a little more than 
two. months after they come out of their. eggs, 
When this time approaches, the ſkin of, the 
young Frog is firſt uſually burſt: in the back, 
near the head, and through this chink the 
young Frog immediately puts forth its head. 
Then is N. lying, Fig. 11. 4, in 
the Tadpole's exuviæ; and this is obſerved to 
differ much, 5, from the wide opening of the 
Frog's mouth. Then the Frog turns out its 
firſt pair of legs, which lay till now hidden 
under the ſkin, cc, and at the ſame time it 
preſſes back the: {kin towards the hinder parts. 
Thus the reft of the body, the hinder legs, 
4d, and alſo the tail, are ſtript of their ſkin: 
after which we, ſee the tail contracted more 
and more every day, until at laſt no veſtige of 
it appears. If the Frog thus produced be a 
male, two pneumatic, kidneys ee are diſco- 
vered on each ſide of the head, behind the 
eyes; and the great toes of the fore feet appear 
alſo thicker and longer ff than in the female. 
But what parts in particular are left in the 
exuviæ, and whether the gills be diſcovered 
adhering to them, I have not yet examined. 
After the ſame manner Toads and Water- 
Newts caſt their ſkin. Ha | 
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f the circulation of the blood in a full-grown Frag. 


T HE manner in which the blood circulates 
in the full-grown Frog, is not a point of 
fmall moment: indeed, it very much recom- 


mends comparative anatomy, fince, when that 


is not thoroughly known, it ſeems that one 
cannot arrive at the real knowledge of the uſe 
of the viſcera, The famous Malpighius, 
Needham, and many others, ſay that the Frog 
has viſible lungs and reſpiration. Nay, they 
alſo think that the blood circulates through the 
lungs, is there (elaborated, lefſened in the 
globules, and brought to its full perfection: 
and hence the office of ſanguification, which, 
in former ages, was ſuppoſed to be done by 
the liver, is- now transferred from thence to 
the lungs. Beſides, ſince the ſame gentleman 
has obſerved pills in Fiſh anſwering the pur- 
por of lungs, thro' which all the blood circu- 

ates ; and as they ſaw the water ſtrike againſt 
theſe in the manner as the air does againſt and 
into the lungs, in other animals, they have 
therefore made the gills perform the office of 
making blood. 

I confeſs, this opinion is very ingenious ; if 
it be ſuppoſed, that the liver does in no wiſe 
contribute to make blood. But from whence 
ſhall ſanguification be derived in this animal, 
which has lungs; but at the ſame time they are 
ſo circumſtanced, that the blood does not paſs 
thro' them, but is immediately diſtributed all 
over the whole body, out of the fingle ventri- 
cle which their heart hath, without touching 
the lungs? This plainly is the caſe in Frogs. 
The ſame thing, probably, holds in Toads, 
Water-newts, Lizards, Chameleons, Tortoiſes, 
Serpents, and other creatures of that kind ; 
all which I have obſerved to be provided with 
membranaceous lungs : tho' I have not yet 
accurately examined their blood-veſſels. We 
ſhall certainly be obliged to return to the liver, 
and reſtore it to its former degree of dignity. 
Nay, this holds more ſtrongly in the Frog, 
which is deſtitute of the lacteal veins: ſince 
its chyle muſt, for that reaſon, neceſſarily en- 
ter the great numbers of its meſeraic veins, and 
be thus conveyed thro' the vena porta to the 
liver, In the extremity of this vein, the blood, 
which is to paſs from thence into the cava, is 
broken and divided; and it ſeems to me to 
acquire its laſt perfection in the cava itſelf. 
As, I am confident, I ſhall, at ſome time, more 
fully demonſtrate, with reſpe& to thoſe ani- 
mals, which have lacteal veins. But I cannot 
now, for want of time, finiſh the experiments, 
which I have began, concerning this ſubject: 
and which, tho' not many in number, are yet 
ſo important, as to promiſe great diſcoveries, 

i1:ving premiſed theſe things, I ſhall now 
b:ictly deſcribe the principal arteries and veins 
in the Frog, and ſhall ſhew the manner in 
which the blood circulates thro' them. The 
Frog's heart, Tab. XLIX. Fig. 111. a, as is the 
caſe in moſt Quadrupedes, is found ſituated in 
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the cavity of the breaſt, which is indeed very 
ſmall. To the upper part of the heart, the 
auricle þ is obſerved to be joined : but it has, 
like the hearts of Fiſh, only one ventricle, out 
of which likewiſe there iſſues only one artery; 
which is in the beginning conſiderably muſcu- 
lar, and ſufficiently dilated, and immediately 
afterwards dividing into two trunks; one of 
which is detached to the right region c, the other 
to the left region of the breaſt 4. Each of theſe 
arteries, which are like the ſubclavian veins, is 
further divided into three principal branches. 
The firſt of theſe, which is the leaſt ee, ſtretches 
on each fide to the lungs, and gives them nou- 
riſhment : and therefore I call theſe the pul- 
monary arteries, and they are of the nature of 
thoſe called Bronchials in man and brutes. 
Theſe, in their courſe to the lungs, are com- 
monly divided into three branches, Which I 
here exhibit as cut off; and after this ſtretching 
to the coat that ſurrounds the lungs, thereon 
form a very admirable piece of net-work, and 
communiaate with each other by ſeveral ana- 
ſtomoſes : hence they alſo paſs down by very 
ſmall ſhoots, into the inward irregular veſicles 
of the lungs, among which the pulmonary vein 
is diffuſed, and with the latter they form a'very 
conſpicuous anaſtomoſis, viſible even to the 
naked eye. This is manifeſt, if theſe veins 
and arteries be filled: with quickfilver. I keep 
ſome prepared in this manner. Out of the 
A arteries likewiſe proceed two ſmall 
ranches, Tab. XLIX. Fig. 111. ff on each ſide, 
turning upwards, which are diſtributed thro' 
the parts of the mouth. TONY 
The ſecond pair of the principal branches, 
ariſing out of the trunk of the great artery, are 
obſerved to be dilated into two remarkable 
ſwollen knots ; theſe are of a grayith black co- 
lour gg, in the living Frog. Both theſe arte- 
ries are after this extenuated, and, together with 
the little branches iſſuing from them, ſeem de- 
ſigned only to ſerve the muſeles of the mouth, 
and thoſe of reſpiration. But as each of them 
aſcends higher, it is again dilated into a knotty 
little bladder: I ſhould think theſe arteries are 
duplicates of the nature of thbſe which before 
ſerved for conveying the blood to the gills. 
This I cannot affirm for certain; but it may be 
hereafter examined into by repeated diſſections. 
The third pair of the primary branches are 
particularly Worthy of conſideration; fince 
theſe properly conſtitute the trunk of the ar- 
2 magna in the region of the loins, and are 
there fot that purfpoſe united by a very conſpi- 
cuous Er be riſe — ofthe trunk 
of the arteria magna, then they bend % cirgu- 
larly under the lungs; and, after ſending out 
ſome branches, they likewiſe emit zz the axilla- 
ry arteries from off their ſides. We obſerve, that 
a little deever beneath the heart, the carotid 
arteries ariſe from them; and that theſe aſcend- 
ing Er from thence towards the head, bu 
themſelves 


themſelves in the bones of the ſkull. The ar- 
teries of the vertebræ, alſo ariſe // from theſe 
branches; and at length uniting together by 
a a manifeſtly conſpicuous anaſtomoſis, they con- 


ſtitute the trunk of the loins ; out of which 


riſes the celiac artery, which afterwards ſends 
out from it m, the meſenteric artery. Some ar- 
teries alſo, as thoſe of the loins un, and thoſe 
that are detached to the teſticles, ovary o and 
reins 45 have their origin from the ſame trunk; 
and this ſame trunk is itſelf afterwards divided 
in the laſt place into the iliac gg branches. 
The blood being driven out of the heart 
through all theſe arteries, to the circumference 
of the body and viſcera, at laſt returns by a 
"manifeſt circulation through the veins to the 
heart, as to its center; whilſt in the mean time 
wy a part of it circulates through the lungs, 
and indeed exactly in the ſame manner in 
which it circulates through the . muſcles and 
the reſt of the viſcera. Therefore, the blood 
in the Frog circulates in a quite different order, 
than is obſerved in other animal quadrupedes, 
or in fiſhes ; in which all the blood paſſes 
either thro the lungs, or thro' the gills: that 
is, the upper trunks of the vena cava, which 
are united to the auricle of the heart, and are 
here delineated under both trunks of the great 
artery, do not in the Frog deduce their blood 
from the lungs ; but they imbibe it directly 
from theſe veins, which run in the upper part 
of the body, and from ſome others that are 
ſituated next to the ſkin in the ſides lower 
down, and they likewiſe get a ſmall portion, 
that returns from nouriſhing the lungs. The 
blood, on its return from the lower parts of 
the body, does not touch the. lungs, but diſ- 
charges itſelf thro' the porta and cava, into the 
auricle of the heart, without coming near the 
lungs. Therefore, by inflating only one vein 
of the Frog's body, the arteries may be all in- 
flated allo. | Ho as | 
The diſtribution of the Veins differs here 
conſiderably from that of the arteries; for 
the two trunks of the the caya, are conſpicuous 
above at the auricle, Tab, XLIX. Fig. Iv. 4 4, 
where I have opened 6, the arteries, emit pul- 
monary veins out of their lower ſide, (here cut 
off ) cc, which are twice as large as the arte- 
ries. Theſe veins are properly' placed in the 
cavity of the lungs, and particularly in the ex- 
tremities of the pulmonary veſicles, and in the 
loins; and they diffuſe their capillary, and al- 
molt inviſible branches all over the cells; nay, 
even thro' the coat which inveſts them. Here, 
therefore, in the lungs of the Frog, a conſi- 
ſiderable blood - veſſel, namely, the arterial vein, 
is wanting: the animal has no need of this ar- 
tificial canal; fince Nature did not intend that 
all the blood ſhould paſs thro the lungs. Be- 
ſides, the two upper trunks of the cava paſs 
above the arteries in the Frog, and are alſo di- 
vided into various branches. Some little veins 
are from thence detached 4, to the parts about 
the mouth : others, which bend very beauti- 
fully in their paſſage, go towards the head ee, 


and give a part of themſelves ff, to the muſcles 


of the firſt pair of legs. The axillary veins 
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alſo, ſpring gg, from the ſame trunks, and 
emit two very conſiderable 5 branches, which 
in the ilia beautifully bend themſelves back 
under the ſkin above the muſcles of the belly; 


and from thence aſcending again towards the 
thorax, and being there conſiderably dilated, 
they communicate, by a mutual anaſtomoſis, 
with the reſt of the veins that are fituated about 
theſe places. The trunk of the cava, which 
is ſituated beneath the heart, is ſimple i, and is 


there divided into three branches, which are 
diſperſed thro' &, the liver. A little lower, the 
meſenteric vein riſes / out of the liver: under 


which the trunk of the cava very beautifully dif- 
fuſes m itſelf, by many branches over the kid- 
neys ; and at length, after dividing into two 
parts, conſtitutes. the iliac » branches, from 
which the epigaſtric vein is obſerved to riſe 00 


very beautifully. This vein goes back along the 
ſtraight muſcles into the liver; where I repre- 


ſent it cut off. But if this little veſſel, and all 


the integuments of the belly, be diſſected near 


the liver, and then turned above the hind legs ; 


all the veins of the body may be conveniently 
inflated through it. By this means veins are 
diſcovered in the liver, the kidneys, and all the 
viſcera. And from thence I took an oppor- 
tunity of making, with very little labour, the 
following very remarkable experiments. Let 
what hath been hitherto ſaid, ſuffice in regard 
to the circulation of the blood, and the blood- 


veſſels in the Frog. 


_ Having finiſhed the obſervations now re- 


cited, as quick as poſſible, I afterwards ex- 
amined ſome muſcles, and alſo the ſkin, eyes, 
and blood of a full-grown Frog. I found it 
eaſy to divide the moving fibres of the muſcles 
ſo ſmall, that they reſembled a Spider's web. 


But when I put them divided in this manner 


under the microſcope, I found they conſiſted 
of {till ſmaller fibres, and thoſe of very minute 
Nel I firſt diſcovered the epidermis in the 

in; it ſupported the real ſkin, the latter be- 
ing adorned with beautiful colours and black 
ſpots, and appearing compoſed, as it were, of 
globules: I further ſeparated the ſkin into a 
glandular ſubſtance, which was compoſed of 
very numerous globular glandules. Thoſe glan- 


dules ſecreted that viſcous or ſlimy matter, 


which is obſerved to be ſpread over the ſurface 
of the Frog's ſkin; and rendered the latter very 
ſmooth and ſlippery. This ſpecies of mucous 
matter taſtes bitter, and offends the eyes with 
its acrimony ; nay, it cauſes a ſenſible pain, if 
rubbed, to our ſkin when wounded a little; fo 
that we muſt be cautious in the uſe of it. I 
next exatnined the aqueous humour of the eye 


in a glaſs tube; but I pereeived nothing more 


than the clearneſs of the liquor. And hence, 
then putting both extremities of that tube to a 
lamp, I boiled that and the whole Frog's eye in 
water: but there were no globules conſpicuous 
in it from this proceſs. Both the white part 
of the cryſtalline humour, which reſembles 
chalk, and ſurrounds it, and the other fibrous 
diaphanous portion, which is divided into ſeveral 
lamellz or plates, conſiſted entirely of globules, 


I faw a ſerum in the blood, in which were 
Hh a vaſt 
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oval but regular figure. Theſe 


+ 
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they were turned about in various directions in 


a vaſt number of orbicular particles, of a flat 
icles ſeemed 
alſo to contain another fluid: but when I viewed 
them ſideways, they reſembled cryſtalline clubs, 
and ſeveral other figures; that is, according as 


the ſerum of the blood. 1 obſerved belides, 
that the colour of objects always appeared the 
more faint, the more they were magniſied wich 
eee eee ee hight 


Experiments on the particular motion of the muſcles in the Frag; which may be 
alſo, in general, applied to all the motions of the muſcles in Men and Brutes. 


How important and difficult it is to ex- 
141 plain the real cauſes of muſcular motion, 
is ſufficiently evident from numerous experi- 
ments; which though made by very ingenious 
men, yet have 'not hitherto diſcovered its true 
nature. The great utility and foundation of 
further knowledge, which we ſhould acquire 
from that diſcovery, lie yet involyed in the 
thickeſt clouds of obſcurity. This is the rea- 
ſon which now induces me to publiſh the ex- 
periments I made concerning the matter ; 
which, as they ſeem to me to have great weight, 
and to contain ſome uſeful conſequences, I 
would therefore adviſe my readers to conſider 
ſeriouſly, and examine them by the touchſtone 
of truth. | 

In the conſtruction and motion of the muſ- 
cles, it merits particular conſideration, in what 
manner the nerve is actually joined to the 
muſcle; how it is conſtructed in the muſcle ; 
what is its courſe, entrance, middle, diftribu- 
tion, and end; as alſo how it communicates 
with the moving fibre, and what effect it pro- 
duces in it; alſo what that very ſubtle matter 
properly is, which is undoubtedly conveyed to 
the muſcle through the nerve. The know- 
ledge of all theſe particulars is not ſufficient for 
out purpoſe : one muſt likewiſe know the con- 
ſtruction of the membranes, that inveſt both 
the ſurface of the muſcle and its inward parts, 
and the delicate leſſer fibres that reach from 
one moving fibre to the other, and, like a very 
fine web, diffuſe themſelves through the inter- 
{tices of the latter. It would be likewiſe ne- 
ceſſary to know the ſtructure of the vein and 
artery belonging to the muſcles, and their real 
conſtitution or diſpoſition in the muſcle, and 
to underſtand accurately what belongs to the 
compoſition of the moving fibres. But all 
theſe things are ſtill obſcure and unknown, 
and will not be probably diſcovered till we 
employ all our time, and the greateſt diligence, 
in inveſtigating them: but all difficulties are 
conquered by induſtry, and an unwearied ap- 
plication. As to myſelf, I candidly confeſs, 
that I haye not brought every ſubject, which I 
have advanced, to the greateſt perfection poſ- 
ſible; for, in order to attain this, I ſhould have 
ipent my whole life in diſcovering one thing, 
and this courſe is not agreeable to me: for I 
am thoroughly perſuaded, that, if I came to 
the utmoſt extremity, I ſhould at laſt diſcover 
nothing but my own-ignorance, For this rea- 
ſon, I thought it better to employ my time 
rather on various things than on one; leſt, 
whilit I was too intent on a thorough know- 
ledge of one or two particulars, many of God's 
work ſhould lie hidden from me: for, indeed, 


5 


all the kno 


we are capable of, conſiſts 
only in this, to love God as we ought. © 
With reſpect therefore to all the ſubjects 


hitherto recited, I ſtill find many indiſſoluble 


difficulties. And though the excellent ana- 
tomiſt, Dr. Steno, hath diſcovered many cu- 
rious things relative to this matter, yet he ſtops 
alſo in the middle of his courſe. Befides, how 
far'are we from knowing the motion and effect 
produced by the ſubtle ſpirit, that continuall 
fles through the nerves into the muſcles! 
his matter lies buried in impenetrable dark- 
neſs. Since I have made many experiments, at 
different times, on the motion of the muſcles, 
I ſhall now, however, ſet forth the chief of 
them, and ſubmit them to the examination of 
the learned. 1 Fo 
It is a matter eternally certain, and of great- 
eſt moment, that whenever the nerves of livin! 
bodies are handled, there is immediately ob- 
ſerved a conſiderable motion in the muſcles to 
which they are ſent, and this motion-does not 
at all differ from the contraction of thoſe muſ- 
cles. If we lightly pinch or prick the nerves 
of the diaphragm in a living bot, opened for 
the experiment, with the point of a very fine 
needle; or if we ſtimulate them by putting 
them near the fire, or by pouring acrid liquors 
into them ; we immediately ſee the diaphragm 
performs its natural function: it contracts itſelf, 
from being arched becomes ſmooth, raiſes itſelf 
from the thorax, puſhes out the viſcera of the 
abdomen, and the cavity of the thorax is en- 
larged in proportion as the diaphragm contracts 
itſelf and becomes more ſmooth, and is more 
ſtretched out of the breaſt. 18 | 
This experiment is very fine and elegant, 
ſince the motion alſo, which is then obſerved 
in that compound muſcle, appears admirable ; 
and the ſame experiment may be often re- 
peated in the ſame ſubject, if the nerves of the 
diaphragm be firſt irritated, where their begin- 
nings run near the pericardium, In order to 
irritate them a ſecond, third, and fourth time, 
we muſt deſcend by degrees, and chooſe a lower 
part of them, until we come to the very place 
where they are inſerted in the diaphragm. 
This experiment on the nerve may alſo be 
very eaſily made, not only in this but all the 
other muſcular parts of the animal's body, with 
the ſame ſucceſs. ' Hence we often obſerve, on 
diſſecting living animals, that when the nerves 
are wounded with a knife, confiderable motions 
ariſe in the muſcles to which they belong. 
* the Om” Steno ' hath likewiſe ob- 
ſerved in his Myolog. Specim. p. 78 and 79, 
after I had — bin my old 250 c 
experiment on Frogs. This is obſerved to 
happen 
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reſpect to that calcarious fluid matter in the 
Wray-fiſn. Whether this ſalt has any medicinal | 
virtue, I cannot yet ſay; nor can it be known, 
| ee experience. I return to the muſ- 
es. | 9 | 


- happen not in quadrupedes, but in birds 
anf ches, ner ah ally in the Wray-fiſh ; in 
the muſcles of which there are very ſtrong 
motions, when the nerves are irritated. 

On the foundation of theſe motions, which 
are produced in the muſcles, when their nerves 
are only diſturbed or ſtimulated, I determined 
to provoke the nerves of the entrails in the 
ſame manner, in which I found remark- 
able fleſhy fibres. I had a mind -to make the 
ſame experiments on thoſe nerves which reach 
to the kidneys, liver, ſpleen, lungs, and genital 
organs; for I would ſcarce ume to affirm, 
that any remarkable contractions are produced 
in thoſe. parts, eſpecially in the kidneys, by ſach 
irritation; and therefore one may penetrate 
much deeper, by that experiment, into the real 
. uſes of theſe parts. But I have not yet been 
able to execute my purpoſe, for want of time. 
It is therefore ſufficient for me here to have 
hinted. at theſe things in a few words, that 
others may have an opportunity of labouring 
further in the diſquiſition of them; for Nature 
muſt be inveſtigated by the joint labours of 
many. One man can make no great advance- 
ment in matters infinite, 

I beg leave to obſerve here, that the motions 
of the muſcles, now mentioned, are not ſo 
conſiderable in animals which have warm 
blood, or rather they do not laſt fo long, as in 
thoſe that have the blood cold ; as fiſh, and 
many other aquatic creatures, which have few 
or no feet, and in ev R creatures in 
general. Hence I chiefly made my experi- 
ments on the Frog ; for the nerves are very 
conſpicuous. in theſe animals, and may be 
eafily diſcovered and laid bare. The ſpinal 
marrow and the brain have this peculiarity in 
the Frog, that, like a fluid falt, they lie en- 
cloled in coats, and, being interwoven with 
blood-veſlels, are every where adjacent to them; 
ſo that they are to be diſcovered plainly even 
in the cavity of the vertebræ, and in the ſkull. 
The {ſpinal marrow glitters like pearl, and is 
diſpoſed, in the form of knots, all down the 
back, along the vertebræ, where it appears 
very conſpicuous. This native ſalt, mixed 
with an acid liquor, ferments very ſtrongly. 
Its ſubſtance anſwers very nearly to that gra- 
nulated and gravelly powder found in the head 
of the Shark, and ſold in the ſhops, and erro- 
neoully taken by the ignorant, for the brain of 
the fiſh; but this is nothing more than a ſtony 
and gravelly ſubſtance, which is placed in the 


head of the Shark, as what is called the Perch- 


ſtone is in the head of the Perch. I have like- 
wiſe found ſuch a-powder in the Wray-fiſh's 
head, which fermented very ſtrongly with an 
acid: and, therefore, I think that the alcaline 
ſalt, obſervable in the little ſtones called Crabs- 
eyes, is like this. But though that ſaline ſub- 
ſtance in Frogs is fluid, like water, it will not- 
withſtanding. be dried immediately by the heat 
of the hand or fingers; but it never hardens 
to ſuch a degree, but it may be very eaſily re- 
duced to ſine powder with the tips of the 
fingers. The ſame thing likewiſe holds with 
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Another very delicate and uſeful experi- 
ment may be made, if one of the largeſt muſ- 
cles be ſeparated from the thigh of a Frog, 
and, together with its adherent nerve, prepared 
in ſuch a manner as to remain unhurt. For if, 
after this, you take hold, Tab. XLIX. Fig. v. 
aa, of each tendon with you hand, and then 
irritate the propending nerve with ſciſſors, or 
any other inſtrument, the muſcle will recover 
its former motion, which it had loſt. Vou 
will ſee that it is immediately contracted, and 
draws together, as it were, both the hands, 
which hold the tendons. This I formerly (in 
the year 1658) demonſtrated to the moſt illuf- 
trious the now reigning Grand Duke of Tuſ- 
cany, when he graciouſly vouchſated to pay me 


a viſit. This experiment may be repeated in 


the ſame muſcle, as long as any part of the 


nerve remains unhurt; and we can thus make 


the muſcle contract itſelf, as often as we 
pleaſe. 

If we have a mind to obſerve, very exactly, 
in what degree the muſcle thickens in its con- 
traction, and how far its tendons approach 
toward each other, we muſt put the muſcle 
into a glaſs tube, Fig. vi. a, and run two fine 


[needles 5 through both its tendons, where 


they had: been betore held by the fingers ; and 
then fix the points of thoſe - needles, neither 
too looſe nor too firmly, in a piece of cork. 
It afterwards you irritate, Tab. XLIX. Fig. v1. 
c, the nerves, you will ſee the muſcle drawing 
dd the heads of the needles together out of 
the places; and that the belly of the muſcle 
itſelf becomes conſiderably thicker e in the 
cavity of the glaſs tube, and ſtops up the whole 
tube, after expelling the air. This continues 
till the contraction ceaſes, and the needles then 
move back into their former places; and the 
belly of the muſcle, _— again from the 
tube, affords a free paſſage for the air through 
its cavity. But if the muſcle be left to itſelf, 
or put into cold water, with all the apparatus 
juſt now deſcribed, we obſerve it contracts it- 
ſelf by degrees not long after; and is finally 
ſo remarkably bent, as to fill the whole cavity 
of the middle region of the tube; 
Having therefore duly conſidered thoſe expe- 
riments, which I have hitherto-ſet forth, and at 
the ſame time attentively weighed: the force of 
contraction or muſcular motion, which the muſcle 
reſumes every moment, when its nerve is again 
and again irritated : one may aſk; whether any 
other communication be neceſſary between the 
nerve and the muſcle, but only that ſimple irri- 
tation on the touch or commotion ? But as a ſimi- 
lar motion is likewiſe excited in: the muſcles of 
animals which have hot blood, whoſe nerves ate 
ſtimulated; the ſame queſtion indeed may be 
likewiſe aſked here, that is, whether in this claſs 
of animals alſo, any other communication be ne- 
ceſſary between the brain and marrow, the nerves 
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and muſcles, except this ſtimulus? for I have 
conſtantly found, by all the iments that I 
made, that the muſcles are contraſted when the 
beginning of the marrow, or the nerves iſſuing 
from thence, are moved. 3 

it, as a matter worth conſi- 


Hence I pro 


dering, whether we ſhould not reject that opi- 


nion, which ſuppoſes a ſpirituous matter to be 
neceſſary to excite muſcular motion, and that it 
flows out of the brain; and that this influx hap- 


pens with ſuch great rapidity and velocity, that 


theſe new fpirits conſtantly propel the former, 


and in an inſtant of time, at the leaſt mtimation 
of the will, or otherwiſe ſpontaneouſly ſhould, 


and may, be inthe moſt remote extremes of the 


Fon perſuaded, thoſe who derive the eon- 
traction of the muſcles from inflation, fermenta- 
tion, or a kind of exploſive motion, will differ 
from me as to this matter: they will object, that 
the inflation or expanſion of the moving fibres, 
is evident even to the eyes, in the contrac- 
tion of the muſcles; and beſides, that all the 
muſcular parts are filled with ſpirits : and there- 
fore, that only a ſmall quantity of animal ſpirits 
is requiſite to inflate either theſe, or thoſe muſcles, 
and to expand them by contraction, as is evident 
to the ſight. | 

But all theſe opinions are certainly deſtroyed, 
if it be conſidered, how often the motion of each 
muſcle is reſtored by only ſtimulating, provok- 
ing, or irritating the nerve in my experiment be- 
fore mentioned : and this, when the nerve hath 
been for a long time cut off, and the requiſite 
animal ſpirits diſſipated, or grown weak, after 
many times diſcharging their duty ; and when 
there is no further communication between the 


nerve, brain, and marrow, Therefore, I would 


have it ſeriouſly confidered, that it cannot be 
demonſtrated by any experiments, that any mat- 
ter of ſenſible or comprehenſible bulk flows 
through the nerves into the muſcles. Nor does 
any thing elſe paſs through the nerves to the 
muſcles: all is a very quick kind of motion, 
which is indeed fo rapid, that it may be pro- 
perly called inſtantaneous, Therefore the ſpirit, 
as it is called, or that fubtile matter, which flies 
in an inſtant through the nerves into the muſcles, 
may with the greateſt propriety be compared to 
that moſt ſwift motion, which, when one extre- 
mity of a long beam or board is ſtruck with the 
finger, runs with fuch velocity along the wood, 
that it is perceived almoſt at the fame inſtant at 
the other end; nay, that it is further propagated 


through the nerves into our muſcles ; and thus 


produces various motions in them, as thoſe who 


attentively conſider this ſingular, though plain 


experiment, well know. 
Add to theſe another argument of yet greater 
weight, which is, that the muſcles themſelves, 


when contracting, are not in the leaſt inflated or 


fwollen, but rather they loſe their thickneſs ; 

though the moving fibres in the mean time ac- 

quire a different ſituation; or, to exprefs the 

matter more exactly, they are preſſed clofer to 

each other. We obſerve ſomething like this in 

a long piece of ſpunge, made even and ſmooth, 
1 
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which becomes thicker and more ſolid by force 
of compreſſion; though in reality it poſſeſſes a 
much leſs ſpace. Therefore, for the many rea- 
ſons which ſhall be mentioned hereafter, I think 
it may be rightly inferred, that the ſhortening 
and cloſer compaction of the moving fibres, by 
reaſon whereof they are contraded into a leis 
ſpace, is really the true action or contraction of 


the muſcle; and which is therefore erroneouſly 


called inflation, tumefaction, &c. 

For what reaſon can any one imagine it poſ- 
ſible for the muſcle to be inflated 2 fince it con- 
fiſts of ſuch ſubtile filaments, as are almoſt invi- 
ſible ; though even theſe are finally compoſed of 


globules. What matter can effect this inflation ? 


Is it not neceflary, that it ſhould paſs through 
thoſe very fine fibrille, which conſtitute the 
nerves, and when curiouſly examined, without 


. hurting them, are likewiſe fo ſmall as to be al- 


moſt inviſible ? Certainly, if the nerves be con- 
fidered to have their origin from the marrow, it 
is very evident, that they are fo ſubtile there, 
and ſo cloſely ſurrounded by the meninges, that 
the ſmalleſt briſtle, or thread of ſpun glaſs, can 
ſcarce paſs through the aperture. How fine 
therefore muſt that ſpirit be, which can penetrate 
into this very cavity, which is likewiſe ſtopt up 
by the nervous filament that iſſues out of, and is 
contained in, it? Yet authors eſtabliſh ſuch no- 
tions ; nay, they proceed fo far, as to imagine, 
that the nutritiors matter, to which ſome attri- 
bute the thickneſs of the white of an egg, paſſes 
through theſe very nerves: but this opinion is ſo 


idle and abſurd, that it does not deſerve a ſerious 


refutation. In the ſame: light I confider the 
imaginary fermentation between the ſpirits and 
blood, by which the muſcle is ſaid to be in- 
flated; though the very method of this infla- 
tion is contrary to the known conſtruction of the 
muſcles. | 

Another thing that plainly contradicts the in- 
flation and influx of the fuppoſed ſpirit into the 
muſcles, is that we clearly fee, tho' the muſcle 
be cut, and its moving fibres ſeparated from each 
other, all theſe parts move again, as it were na- 
turally, as ſoon as the nerve which belongs to 
them is irritated : and this experiment, as well 
as others, may be made on the Frog, and ſeveral 
other water- animals, and it ſucceeds very parti- 
cularly in the Duck. 

From theſe experiments therefore, it may, I 
think, be fairly concluded, that a ſimple and 
natural motion or irritation of the nerves alone is 
neceſſary to produce muſcular motion, whether 
it has its origin in the brain, or in the marrow, 
or elſewhere. ' _ 

Therefore, we likewife obſerve in many ant- 
mals, that as ſoon as the beginning of the ſpinal 
marrow is moved in the brain, all the ſubjacent 
muſcles are fuddenly contrafted. And this hap- 
pens in the ſame manner with reſpect to all thoſe 
branches of the nerves which ariſe out of the 
marrow, at leaft whilſt they are handled; tho”. 
only fome of the muſcles, or perhaps that only, 
through which the irritated nerve is diſtributed, 
are put in motion. We muſt alſo take particu- 
lar notice, that in this experiment, it is never ob- 

ſerved, 
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ſerved, that the part of the nerve above the ir- 
ritated region, contract alſo thoſe higher muſcles, 
that have their nerves from thence. We very 
clearly find alſo by experiments, that the motion 
produced in the muſcle by irritating the nerve, is 
always propagated out of the larger into the 
ſmaller branches, and goes afterwards continu- 
ally deſcending. The nerves deſigned for the 
fenſes are circumſtanced in a quite different man- 
ner; for in theſe, the ſenſitive motions, doubt- 
leſs, tend upwards. In order to contract any 
muſcle, it is neceſſary that its nerve be irritated 
in the region above the muſcle, or at its inſer- 
tion into it; fince that motion never tends up- 
wards, but always downwards. 

It may now be probably aſked, wherein I 
think the beginning of that natural irritation, ſti- 
mulus or provocation of the motion, thus com- 
municated to the muſcles through the nerves, 
conſiſts ? Since I deny, that any viſible flowing 
and inflating ſpirits, are locally moved through 
the nerves; and, on the contrary, think that a 
certain inſtantaneous irritation is much more ſub- 
tile, and capable of the effort, than the ſpirits 
ſuppoſed by ſome neceſſary to move the muſcles: 
and that, from thence, it follows, that this irri- 
tation ſhould not only have its origin elſewhere, 
but that a force is likewiſe wanting, by which 
that motion is transferred through the nerves into 
the muſcles. I confeſs theſe things are requiſite, 
ſince experience demonſtrates it even to the eye. 

To give a proper anſwer to this queſtion, I 
think, the beginning or principle of that fnotion 
lies in the ſpinal marrow, and is alſo in all the 
nerves of the body ; ſo that the marrow, and all 
the nerves, are conſtantly and perpetually irri- 
tated to give motion to every muſcle of the whole 
body. I would have it particularly obſerved, 
that I admit no eſſential difference between the 
natural and ſpontaneous contraction of the 
muſcles, and that performed by the will. I con- 
fider this difference as merely accidental ; but, 
becauſe we move all theſe muſcles, which we 
move voluntarily, in a contrary direction; that 
what is ſaid to be eſſential in the contraction of 
all muſcles, is a natural contraction. For this 
reaſon, voluntary motion ceaſes, or is changed 
in us, as well as in all other animals; when ei- 
ther the antagoniſt muſcles are wanting, or when 
one of a pair is more powerful than the other, 
as I have formerly demonſtrated in my treatiſe 
on Reſpiration. And indeed we cannot move 
muſcles at will, unleſs we have the power of de- 
termining the natural motion of the antagoniſts 
to the contrary fide, But if all the motions of 
our muſcles are continual and natural, when the 
antagoniſts are wanting, as is the caſe with re- 
ſpect to many muſcular parts of our body, which 
we have not power to move at our pleaſure ; 
only ſo far as thoſe muſcles are firſt dilated by 
their contents. 
tagoniſt muſcles, and give us the power of moy- 
ing them in a contrary direction at the command 
of our will : but otherwiſe, all things acquieſce 
in the perpetual contraction. x 

In order further to explain the origin of this 
natural and perpetual contraction of the muſcles ; 


Theſe perform the office of an- 
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1 think: indeed it ariſes frorh-the- continual im- 
pulſe of the arterial; blood upon the matrow and 


Nerves: for, by means of this blood, all thoſe 


parts ſeem to be: continually. moved, excited, 


and irritated to convey that motion pepetually 


and uniformly to the muſcles, and to prepare 
the latter for their perpetual contraction. For 
this reaſon, all the nerves without exception, 
have not fewer arteries in proportion, than the 
brain itſelf, and the ſpinal marrow have. I 
ſhould think indeed, that this matter might be 
eaſily aſcertained by experiments: for which pur- 


poſe, I once thought of injecting a peculiar li- 


id through an artery into the marrow, by a 
ſmall fiphon, and then to obſerve carefully, whe- 
ther any motion was thereby excited in the 
muſcles. But I would again adviſe the reader, 
to conſider well that wonderful motion and 
power of the muſcle, when its nerve is in the 
leaſt diſturbed or ſtimulated. 

It is now time to proceed further; and I ſhall, 

a curious experiment, demonſtrate to the eye, 
that the muſcle is not at all ſwollen in its con- 
traction, or becomes thicker by inflating it, 
and therefore occupies the larger ſpace ; nay, on 
the contrary, that its ſwelling decreaſes : and 
therefore, in its contraction or action, fills leſs 
ſpace than when it reſts flaccid. I] ſay reſts, be- 
cauſe I cannot obſerve that the muſcle in the 
living animal, ever abſolutely ceaſes from all 
motion. And therefore it ſhould be rather ſaid, 
that it is leſs ſtrongly moved at the time of its 
relaxation; or then only recollects its elaſtic 
ſtrength, that it may be able, the moment after, 
to make the ſtronger effort to contract itſelf. 
This may be ſeen very clearly in regard to the 
motion of the heart and auricle in the Frog; 
for the blood is there brought back from the 
circumference of the body, according to the laws 
of circulation, and being driven in to the auricle, 
it may be conſidered as the auricle's antagoniſt 
muſcle, which dilates it: but the auricle itſelf is 
the antagoniſt of the heart, ſince by means of 
the blood, which it protrudes into its cavity, it 
likewiſe dilates its ſubſtance, ſo that the won- 
derful, repeated, and continual pulſe of the 
heart, has its origin from this alone : that 
pulſe is therefore perfectly natural and neceſ- 
ſary; for thoſe two muſcles, that is, the heart, 
and its auricle, are unequal in ſize and ſtrength, 
and therefore their motion is neceſſarily varied. 
If the auricle were as firm and as ſtrong as the 
heart, the motion of each would abſolutely ceaſe ; 
for, wherever the power of the antagoniſt is 
equal, there is obſerved no motion of the muſcles, 
and all things are in both in equilibrio, until there 


ariſes another determination, which, cauſing one 


muſcle, to be contracted ſomewhat more ſtrong- 
ly than another, at length moves our limbs. Such 
a determination may proceed from various cauſes. 
If, for example, a man's ſkin be very gently 
rubbed and irritated with a hair doubled ſeveral 
times; I often obſerved, that the motion of the 


antagoniſt muſcles of the arm and hand was im- 
- mediately determined; ſo that the 


ſon inſtan- 


taneouſly, as it were, unkgown to him, has put 
his hand to the place where he felt the titillation, 
and 


Ii | 
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and then ſcratched the ſkin until he made it 
red, imagining that it was y occaſioned 
by a Flea, or ſome other inſect. But when 1 
ſtopt, his hand and arm reſted likewiſe, becauſe 
the natural contraction was then equal in all the 
muſcles, If the ſame experiment be made on 


ſleeping dogs or cats, it is likewiſe obſerved, 


that a determinate motion is produced in the 
muſcles which move their ſkin ; and therefore 
it is pleaſant to ſee them ſuddenly draw it up, 
pricking up their hairs, and ſometimes ſkaki 

them in their ſleep. By this familiar inflance, it 
is evident how our muſcles are in like manner 
voluntarily moved without any great attention of 
the will, by ſomething of this kind, which is 
proper to determine the. natural motion of the an- 
tagoniſt to the contrary ſide. ki. 

Now, in order to make it certain ftom expe- 
riment, that the muſcle is not inflated in its con- 
traction, but on the contrary poſſeſſes leſs ſpace, 
we are to take a very lively and ſound Frog, and 
diſſect it, uncover its heart, and carefully take 
away the pericardium from it. After this, we 
muſt chooſe one or two veins or arteries, which 
are large enough to be conveniently opened, 
and to admit a thin glaſs tube. By this tube, 
all the veins and arteries of the body, and con- 
ſequently the heart, may be very eaſily inflated; 
ſince, as I have before hinted, the lungs are in 
this animal no obſtacle. 

When the heart is filled with air, it muſt be 
dexterouſly, together with its auricle, tied with 
a fine thread, and cut away from the body: then 
let a glaſs ſiphon be ready, one end of which 
muſt be a narrow and ſmall tube, Let the heart 
thus inflated, and its auricle, be put into the flat 
end of this tube, and let all be immediately put 
into that glaſs ſiphon ; the long tube of which 
muſt, in the mean time, be ſtopt with a very 
{mall drop of pure water, or, that it may be the 
better diſtinguiſhed, water coloured with blood. 

Having duly obſerved theſe directions, it will 
manifeſtly appear, that at the time the heart, 
Tab. XLIX. Fig. vii. a, contracts itſelf within 
the little ſiphon, 6%, the drop of water adher- 
ing near the extremity of the tube, c, deſcends 
in a very remarkable and ſurprifing manner to the 
other end of the tube, 4, where it ſprings from 
the ſiphon ; and, on the contrary, it will like- 
wiſe diſtinctly be ſeen, that the drop thus fallen 
down, d, will, on the heart's dilating itſelf again, 
riſe to its former ſituation, c. 

This experiment furniſhes us with an evident 

roof, that when the muſcle of the heart con- 
tracts itſelf, not only all the fibres which ſerve 
to move it, are preſſed cloſer to each other, but 
that the heart itſelf alſo, occupies a ſmaller ſpace 
in its ſyſtole, than it did before in its diaſtole. 

This alſo is the reaſon why the drop of water 
c moves downwards, d, as it cannot but follow 
the heart, when this contracts itſelf, But if at 
the very inſtant of the heart's contraction, any 
inflation, tumefaction, or dilatation, had been 
produced by the animal ſpirits on the inſide of 
this organ, the drops, inſtead of deſcending to- 
wards the beily of the fiphon, d, would infal- 
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= have riſen towards the extremity of the 
nnen 1 fi A; 3%; 8 a. 5 : 
As the former never happens; and the latter, 
the very reverſe of-it, is conſtantly the caſe, I 
may fairly and plainly conclude, that the muſcle 
of the heart requires leſs room: by a great deal in 
its contracted, than in its dilated ſtate; and that 
hence the ſuppoſed ſpicits, by which it hes been 
hitherto believed, that the heart, or its muſcle 
was puffed up at the time of its ſyſtole, has not 
the leaſt ſhare in producing that effece. 
Moreover, if we open a living Frog, and care- 
fully attend to the motion of its heart and the 
auricle, we ſhall find, that in this experiment, 
every thing proceeds exactly in the ſame man- 
ner as it did in the former, For, when the au- 
ricle contracts itſelf, it very ſenſibly grows ſmaller, 
and more compact,; but when the heart is again 
contracted, it undergoes the ſame alteration ; and 
this obſervation is ſufficient to. convince us, that 
there is no manner of difference between the two 
contractions of the heart, one of which takes 
place within the fiphon, and the other naturally, 
except that the heart, out of the ſiphon, is in- 
flated with blood, and with air in the fiphon. 

As to the other experiment made in the 
ſiphon, we muſt here particularly obſerve, what 
happens in the heart during its dilatation, and 
what change is ſeen afierwards during its con- 
traction, When the heart dilates itſelf, we plainly 
perceive that the auricle begins firſt to contract, 
and while it does this, the air is forced from it 
into the heart; by which means it is conſiderably 
expanded, and appears in the ſiphon as if full of 
bubbles or bladders of air. It even becomes 
pale and tranſparent on this occaſion, and ap- 
pears * 9g affected. This is owing to its 
moving fibres, and fleſhy columns, not bei 
every where of the ſame thickneſs, ſo that ſome 
of the parts of the heart lying between theſe co- 
lumns, are more diſtended by the impelled air 
than others. Thus at length is effected, the 
aſcent of the drop of water adhering to the glaſs 
tube. | 

When the moving fibres of the heart again con- 
tract themſelves, we obſerve that the heart draws 
itſelf in, and becomes ſmaller, and immediately 
after, we ſee the air forced from it, in its turn 
into the heart; upon which this laſt immediately 
becomes more red and opaque, and ſhrinks up ſo 
as to put on an unequal appearance: but as the 
heart at this time cannot return to the auricle, 
all the air it had thence received, its moving 
fibres approach towards each other with fo vio- 
lent an effort, that they likewiſe condenſe the 
air contained in them: and thus is the drop of 
water adhering to the tube of the glaſs fiphon 
preſſed downwards, on account of the heart be- 
ing then reduced to a leſs fize. 

This is likewiſe the caſe with the heart, which 
is naturally full of blood; for when this organ 
in its ſyſtole is diſtended by the blood, it draws 
away the circumambient air; but when it again 
contracts itſelf, and diſcharges its blood, it grows 
leſs, and yields to the air in proportion as it 
ſhrinks vp, a thing which ought to be well at- 
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tended to, as it is very conſpicuous in a living 
animal. The blood itſelf undergoes ſome con- 
denſation, when violently compteſſed by the 
Contraction of the heart, and forcibly expelled 
out of it; but is alſo on the other hand ſome- 
what rarified, when the heart is dilated by a 
new intromifſion of blood, fo that this natural 
action of the heart and blood exactly 
with that artificial one of the heart and air in 
the foregoing experiment. | 

It may be objected, that naturally in the live 
animal, the air by no means approaches the heart, 
and-therefore cannot be repelled by it. = the 

contrary is plain in the caſe of Tadpoles, in 
| which we A ar the external fkin ſenſibly afteRted 
by the pulſations of the heart, and ſwell out and 
fink in alternately, as that organ dilates or con- 
tracts itſelf, which is the ſame as if the air preſſed 
immediately againſt the heart itſelf. It cannot 
be denied, but that the ſame thing muſt happen 
in all animals that have lungs and gills, and a 
moveable breaſt; nay, it muſt, without doubt, 
take place in ſome motions of the muſcles. 

If you cut a Frog's heart out of the body, and 
place it in the glaſs ſiphon, in the manner before 
deſcribed, without firſt blowing it up; you will 
plainly fee the drop of water move in the ſame 
way it did before, though not ſo much as if the 
experiment were made with an inflated heart. 
— the mean time, the water alſo will ſink in 
ike manner, when the heart contracts itſelf. 
Experience teaches us, that the deſcent of the 
drop of water in this experiment becomes ſome- 
times ſo inconſiderable, that it cannot be per- 
ceived, even by the help of the microſcope, 
which is owing to this, that the heart then con- 
tinues partly contracted, and is not dilated by 
the auricle, which is now become inſufficient to 
produce that effect, as it neither propels any 
blood, or air, with which the heart could be di- 
ſtended. Hence, of courſe, the contraction of 
the heart muſt become proportionally weaker, 
and the motion of the water in proportion leſs 
diſcernible, But if you blow into the auricles 
at this time, that this auricle, by contracting it- 
ſelf, may force a quantity of air into the heart; 
the ſucceſs of the experiment will immediately 
become much more conſpicuous, 

If, inſtead of the heart, we ſhould chuſe to 
make uſe of ſome other muſcle, we may pro- 
ceed in the manner repreſented in the eighth 
figure, where the glaſs ſiphon, Tab. XLIX. Pg. 
VIII. 4, contains within its hollow the muſcle, 56, 
and the nerve hanging from the muſcle is faſ- 
tened, without being cut or bruiſed to a flender 
twiſted ſilver wire, ce, that runs at the other 
end, an eye made in a piece of braſs wire, ſol- 
dered to the embolus or piſton of the ſiphon, d. 
Things being thus made ready, a drop of water, 
e, muſt be let into the flender tube of the ſiphon 
by a very fine funnel, Now, if after this, the 
ſilver wire be cautioufly drawn with a lieſurely 
hand / through the ring or eye of the braſs wire, 
till the nerve is ircitated by the compreſſion, it 
muſt by this means undergo, the muſcle will 
contract itſelf in the ſame manner with the in- 
flated heart, whoſe alterations, upon a ſimilar 
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occaſion, ' I have already deſcribed, even the 
drop of water will in ſome meaſure fink, though 
afterwards it never riſes again, But this experi- 
ment is very difficultly ſenſible, and requires ſo 
many conditions to be exactly performed, that it 
muſt be tedious to make it; for which reaſon, I 
have bethought myſelf of another that may be 
more eaſily underſtood and performed. 
- You muſt have ready a little glaſs ſiphon, Tab. 
XLIX. Fig. 1x. a, cut through with a diamond 
near the extremity of its ſlender tube, 5; then 
paſs through the hole thus made, the nerve of 
the muſcle c: but as the air can eafily make 
its way through this hole, while the nerve is ir- 
ritated, till it contracts itſelf, ſo as to keep the 
water from finking ; it is abſolutely neceſſary to 
ſtop that paſſage on the outſide, which may be 
eaſily done with a little ifing-glaſs and ſtarch. 
But I muſt own, that in this experiment, the 
ſinking of the drop is fo inconſiderable, that it 
can ſcarce be perceived: for this reaſon, the 
heart is fitter for this experiment than any other 
muſcle, as it continues and keeps up for a conſi- 
derably long time, and with ſufficient ſtrength, 
the motion it has once received. f 

There are ſufficient reaſons why this experi- 
ment ſhould ſucceed better when tried upon the 
heart, than upon the other muſcles ; the princi- 
pal ſeems to be this, that in the other muſcles, 


there is no antagoniſt to dilate them externally, 


nor any blood, which introduced into the blood- 
veſſels, can extend them, and diſpand the muſcle 
itſelf from withinſide ; though all theſe condi- 
tions are abſolutely neceſſary to affect a perfect 
contraction in any muſcle. 

The experiments which were ſome time ago 
publiſhed with a view of proving, that a quan- 


. tity of blood is requiſite to contract the muſcles, 


do in reality no ſuch thing. Their principal 
weight lies in the conſtriction of the aorta, ef- 
tected after D. Steno's method; but this is truly 
nothing to the purpoſe, and can only impoſe, at 
firſt fight, even upon thoſe who examine mat- 
ters of this kind with the leaſt circumſpection. 
For, by only confidering with a ſmall degree of 
attention, that the vertebræ, many nerves, and 
even the ſpinal marrow, which are all faſtened 
by the ligament, directed by D. Steno, to be 
uſed on this occaſion, undergo thereby a violent 
compreſſion, it muſt plainly appear, that no con- 
cluſions can be fairly drawn from ſuch a trial. 
Much leſs can we infer any thing from the other 
experiment, in which the blood is expelled from 
the muſcles, to make room for water introduced 
into them by a fiphon ; ſince the moving fibres 
of the muſcle are conſiderably injured by this 
rough procedure; ſo that this coarſe experiment 
can only ſupport a weak argument with unthink- 
ing people, being calculated merely to confirm 
the experiment of D. Steno juſt now deſcribed, 
Stronger proofs may be reaſonably inſiſted upon, 
to demonſtrate a thing of ſuch importance, and 
the ligatures of the arteries of the thigh, parti- 
cularly, in Frogs, muſt be allowed to be a great 

deal more to the purpoſe. 
We ought, however, greatly to commend 
D. Steno's circumſpection, in not taking upon 
| him- 
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himſelf to determine the manner in which 


the motion of the muſcles is performed; 
neither was he bold enough to pronounce, for 
certain, that this motion proceeded from the 
influx or afflux of any new matter. But after 
I had, ſome years ago, made him acquainted 
with the experiments I had made on this occa- 
ſion, as already related, he made no difficulty 
of telling me plainly, that he was in no mea- 
ſure afraid of abſolutely denying the acceſſion 
of any new matter in the contraction of the 
muſcles ; ſo that our opinions of this important 
operation perfectly coincide. — 
Even I myſelf, relying on the propriety and 
certainty of the experiments I have propoſed, 
can now, without any difhculty, maintain, 
that a muſcle, at the time of its contraction, 
undergoes no inflation or tumefaction, from the 
afflux or efferveſcence of the ſuppoſed animal 


ſpirits; but that, on the contrary, it in this 


ſtate becomes ſmaller, or collapſes; or, to ex- 
cop my meaning more clearly, it takes up 
eſs room than it did before. 
Nothing can be more evident than this al- 
teration, when a heart filled with air in- 
ſtead of blood, or one quite emptied, is made 
uſe of ; in the firſt of theſe experiments, there 
occur many other things worth our notice, 
which may all have place and force in the 
contraction of the muſcles : firſt the encloſed 
air in the heart is condenſed, and forced toge- 
ther; ſecondly, the circumambient air is di- 
lated; thirdly, the fibres of the heart are moſt 
violently compreſſed and ſtrained in this action, 
and the little cavities within, or between them, 
are compreſſed; ſo that Whatever has lain in 
theſe cavities muſt be diſcharged. And all 
theſe things appear chiefly at the time the 
heart relaxes, as it were for a moment in its 
contraction: fourthly, the internal air is af- 
terwards again rarified in the heart: fifthly, 
the external air is on the contrary condenſed, 
and driven from its place: and fixthly, the 
fibres of the heart are again extended or di- 
lated. | 
If any one object, that the air in this caſe is 
out of the courſe of Nature in its place, I can 
readily anſwer, by aſſuring him, that I have 


found air in the hearts of human ſubjects, 


opened immediately after their death. But as 
this is not a common caſe, I am content, that 
blood may be ſubſtituted to the air which I 
ſuppoſed to be found in the heart : the blood 
contained in the cavity of the heart, is on that 
cavity's contracting, ſhaken, condenſed, and ex- 
pelled ; the fame thing alſo happens to the 
blood which then flows through the coronary 
veins of the heart, and ſhaken, or violently 
driven out of them ; upon which account alſo, 
the ſubſtance of the heart grows conſiderably 
paler at this particular time. Now, while 
the heart is thus contracted in its ſubſtance, 
the circumambient air is likewiſe rarified ; and 
laſtly, the fibres which ſerve to move the heart 
violently, become powerfully contracted in the 
ſame manner with the inflated heart, as already 
mentioned. But the laſt appearances I took 


notice of on the ſame occaſion, and which 
were the reverſe of the firſt, deſerve to be here 
likewiſe confidered, as they act in the enſuing 
dilatation of the heart, when in its natural ſitua- 
tion, and when it is moved in its natural 
manner. ITT rf 

From all theſe particulars it evidently ap- 
pears, that there occur in the contraction of 
the muſcles, a great many more things to ex- 
erciſe our reaſoning and induſtry, than authors 
have hitherto confidered. And above all; we 
ought moſt carefully to obſerve, with what 
ſtrength the moving fibres of the muſcles draw 
themſelves up while the fibres are contracted. 
This power is ſo great, that I have ſeen them 
in ſome animals become three times ſmaller 
than in their natural ſtate of conſtant con- 
traction. And on this account, all their con- 
tents, being all the blood and juices which had 
flowed into the blood-vefſels running through 
them, were moſt violently forced out by this 
powerful motion. Hence alſo it happens, that 
the muſcle of an animal, whoſe blood is red, 
is much paler in a contracted, than in an ex- 
panded ſtate. This D. Steno likewiſe has 
obſerved. | 

By this obſervation we are enabled alſo to 
account for the conſiderable heat cauſed in the 
body by the determinate and reiterated motion 
of the muſcles. For as the muſcles . propel 
the blood from themſelves by their violent 
contractions, it is impoſſible the motion and 


circulation of the maſs of blood ſhould not 


be thereby conſiderably increaſed ; a circum- 
ſtance which ſurgeons, who are informed of it 
merely by experience, have contrived in blood- 
letting, to take proper advantage of it ; for at 
this time they give the patient a caſe of inſtru- 
ments, or ſomething of that kind, to employ 
his hands, that the muſcles being thus put in 
motion, the blood may more freely iſſue from 
the veins: the imagination alone is often power- 
ful enough to have the ſame effect, as our muſ- 
cles are at that time variouſly influenced ac- 
cording to the lively or gloomy nature of the 
thoughts which then poſſeſs us, and propor- 
tionably contract and ſhut, or expand our 
hearts. 

I ſaw myſelf, in the hoſpital of Leyden, a 
boy from whoſe feet the ſkin and fleſh had 
lately fallen off in a gangrene, who by the 
bare motion of his muſcles, without retainin 
his breath, could contrive to diſcharge at will 
a conſiderable quantity of blood from the 
wounded part. And ] have likewiſe obſerved 
the ſame in the motion of many animals, 
whoſe blood, tho' they wanted lungs, flowed 
much more freely from them in motion, than 
when at reſt. 

This caſe even extends fo far, as to account 
for laſſitude or wearineſs itſelf, which is occa- 
ſtoned by the muſcles being too much diſtend- 
ed by blood, and conſequently rendered leſs fit 
for contraction, as I firſt obſerved, in ſhaping 
with my breath a piece of glaſs melted with a 
lamp heat ; for the muſcles called Buccenatores 
in my face, came at laſt to be fo violently diſ- 

tended 
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tended with blood by this operation, that 
— loſt the power of contracting them 
again, ſo as to be able to diſcharge the air at 
my mguth, in a manner requiſite for the bu- 
ſineſs I was about. Folly a Is Dare 
It is very wonderful, how inſects in winter, 
when all their blood and humours are con- 
gealed, as it were, in their veſſels, loſe likewiſe 
all power over their muſcles ; ſo that if their 
legs and other limbs be extended without do- 
ing them violence, they will remain in that 
till the creature recoyers the power of 
moving them, on the return of warm weather, 
or by being placed near a fire; for a very ſmall 
ee of warmth communicated to them in the 
beſt manner, is ſufficient to reſtore them to life 
and motion, to enable them to turn about, 
run, and even fly, till their blood and humours 
congeal again, which they do in a very ſhort 
time; and the little animal is thereby reduced 
to its former ſtate. of inaction. I have like- 
wiſe obſerved that famous vegetable called the 
Senſitive plant, is much leſs ſenſible in autumn, 
than in the ſummer ſeaſon. 

It may be aſked how is the effect of the na- 
tural determinate irritation of the nerves, or 
even of that which is produced from without, 
and by-art produced ; fince it is.not ble to 

rove, or reaſonable to ſuppoſe, that any ſen- 
Able matter is at that time conveyed, or locally 
carried into the muſcle; but, on the contrary, 
it muſt be allowed, that the muſcle diſcharges 
the matter it contained, ſo as to fill a leſs com- 

aſs ? | 2 
: I muſt confeſs it a very difficult taſk to an- 
ſwer this queſtion, and perhaps impoſſible, till 
the true contraction of the muſcles ſhall be 
exactly known. For this reaſon I ſhall enter 
upon a method for attaining ſome certainty in 
this matter, like that purſued in acquiring juſt 
notions concerning the uſe of the eye ; for the 
manner in which viſion is performed, was diſ- 
covered without any true knowledge of the 
ſtructure of that curious organ, by which we 
enjoy that great bleſſing. Hence, were I per- 
mitted. to make uſe of a coarſe ſimilitude, I 
might conceive it effected in the ſame manner 
with the alterations viſible on having, or 
touching ever ſo gently the parts of the Herba 
Impatiens, called Touch me not, or podded 
Ars Smart, orthe Balſamita alteria of FabiusCo- 
lumna ; the parts of which plant being extend- 
ed according to the courſe of two or three ner- 
vous or herbaceous fibres, in conſequence of 
any momentarry irritation, moſt ſuddenly con- 
tract, and the pods burſt.“ And certainly, 
if theſe fibres, which cannot ſo expeditiouſly 
contract themſelves, before the ſeed of the 
plant to which they belong has arrived at its 
due maturity, did not curl up and fall off, but 
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inſtead of thus periſhing, could be again di- 
lated like leather, when torcibly bent, and ex- 
cited by a new irritation to a new contraction; 
we ſhould have in them a moſt curious exatn- 
ple of. the action of the muſcles, the princi- 
pal of which conſiſts in a contraction following 
a dilatation z fo that it is the contraction of the 
muſcles; and not the dilatation of them, that 
we ought to conſider as their principal office, 
fince. even when the animal is dead, they will 
ſtill endeavour to contract themſelyes. I have 
even ſeen a muſcle contract itſelf, when boiled 
in the ſame balſam in which 1 had preſerved 
it for ſeveral years. 

Let people think what they pleaſe of the 
above-mentioned fimilitude, or compariſon ; 
at leaſt the experiment informing us that the 
muſcle contracts itſelf as ſoon as its nerve, is 
put in motion, reſts upon a moſt ſolid founda- 
tion : but as I demonſtrated at the ſame time, 
that a muſcle takes up leſs room in its con- 
tracted, than in its dilated, ſtate, it moſt evi- 
dently follows, that there does not flow into 
it at that time, as has been ſuppoſed, any ex- 

nding or rarefying matter, but that that ſub- 
| muſt be inconceivably fine and delicate, 
which at that moment of time can produce in 
the muſcle ſo wonderful a motion ; though we 
are not certain that this effect differs in any 
thing from that which the wind, a finger, a 
ſtick, or a briſtle, has in contracting the little 
fibres in the contractile pod of the Touch me 
not plant, | 

I therefore think, that, as I ſaid before, it 
may be from hence fairly inferred, that when- 
ever the nerve is immediately irritated, the 
muſcle, to which it belongs, mult be in a ſtate 
of perpetual contraction, or at leaſt in a ſtate 
of perpetual effort, and endeavour to contrac- 
tion, This is a circumſtance, which I former- 
2 in my treatiſe of Reſpiration, and 

all hereafter more clearly explain, as I in- 
tend to publiſh a new method, in which we 
may in ſome meaſure conſider the conſtant mo- 
tions of the muſcles. 

But before I undertake this taſk, and there- 
by make an end of the preſent treatiſe, I muſt 
conſider in what ſtate or condition the muſcles 
were before they exerciſed any motion. This 
may be very eaſily ſeen in inſets, and even in 
the rudiments of the muſcles belonging to 
larger animals, whoſe muſcles at that time are 
generally compact, white, membranaceous, and 
ſeem compoſed at their very firſt appearance of 
a kind of glutinous humour. In inſects, it is 
very remarkable, that at the time of their 
changes, their muſcles become in a monner in- 
viſible, and afterwards increaſe in ſize to a pro- 
digious degree; nay, even their limbs diſap- 
pear, and grow in the ſame manner, but more 


„To the plants here mentioned by Swammerdan, may be added ſeveral others, in the ſeed-veſlels of which there is this elaſlick 


ower, which he ſuppoſes in ſome degree analagous to 
beit diſcovered. 


muſcular motion in animals : in the multitude of examples, the truth will 


The Wood- ſorrel, wild Cucumber, and Lady-ſmock, among the common kinds; and in the Momerdica, Phylanthus; Euphor- 
biz, Jufticiz, Ruelliæ, Dictamnus, Ricinus, Tragica, Jatroplia, Cretan, Clulia, and Realypha, among the more rare; and moſt of all 
in the Hura, or Sand Box- tree, which burſts with the report of a piſtol, and ſcatters its ſeparated parts throughout. 


. Theſe are the ſubjects in which the origin and cauſes of this motion in vegetable parts may be traced, 
| K k 


2 full diſquiſition. 


the ſubject is worthy 
particularly 
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particularly their legs, and the muſcles of thoſe 
parts, which ſwell and extend every way in a 
ſurpriſing manner, by means of the blood and 
humours driven into them, juſt as if they had 
been injected with additional liquors; ſo that 
in courſe of time, they are as it were unnatu- 
rally ſtretched, and bent in the manner of a 
bow. But this alteration obtains chiefly in in- 
ſects, whoſe muſcles alſo move much longer 
than thoſe of any other ſpecies of animals; and 
even retain their motion, in many ſpecies, after 


the head has been ſeparated from the body. 


We obſerve alſo, that as ſoon as inſects break 
from their old ſkins, their bodies grow larger 
every way, almoſt inſtantaneouſly; and the 
fame thing happens, in proportion, to animals 
whoſe blood has an extraordinary degree of 
heat in it. Hence it is, that their muſcles en- 
deavour the more violently to contract and draw 
themſelves together. In fine, we likewiſe very 
plainly ſee that the muſcles, when firſt they 
begin to exert their powers, grow much redder, 
on account of the blood penetrating at that 
time into their ſubſtance, and in ſome degree 
expanding it ; and they become likewiſe much 
larger, by means of the blood-veſſels which 
ran through them, and extend their moving 
fibres. | | 

From theſe particulars it evidently follows, 
that every contraction of a muſcle muſt be pre- 
ceded by ſome degree of dilatation ; and this 
dilation I ſuppoſe to be of three kinds. The 
firſt is performed in the natural and voluntary 
contractions of the muſcles, by the blood forced 
into, and thereby partly dilating them. The 
ſecond, which obtains, in natural contractions, I 
attribute to the contents, which byextending and 
dilating the moving fibres, and thereby drawing 
the blood more copiouſly to them, occaſions a 
relaxation of their contractile powers. The 
third kind of dilation 1s that which precedes 
the voluntary contractions, and ſeems to be 
produced by the determination of the antago- 
niſt muſcles; for theſe act upon the muſcles, 
oppoſed to them, in the ſame manner that 
the contents act upon mulcles, whoſe motions 
are natural, 

Now what does that ſubtile matter, which 
conſtantly flows through the nerves into the 
muſcles, contribute to their contraction? Is it 
derived to the moving fibres, ſerving to open 
ſome of the blood-veflels that ſurround the 
nerves lying within the muſcle? Or does it, by 
mixing with the blood, make it ſuddenly efter- 
veſce and ferment, and ſo excite that motion, 
by which the muſcles may again ſhake off ſuch 
ſubtile matter, ſo as to cauſe an immediate 
contraction of the moving fibres? I muſt own 
myſelf unable to give a ſatisfactory anſwer to 
any of theſe queſtions, and therefore leave 
them, as a moſt fruitful matter of contempla- 
tion, to the diſcuſſion of others. | 

As to the other things which I have hitherto 
propoſed, I think I may thence mot fairly con- 
clude : Firſt, That all the muſcles are naturally 
contracted ; that is, they are in a ſtate of con- 
traction before they have performed any mo- 
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tion, Secondly, That their contraction is, in 

rt, deſtroyed by the blood, and ſuch other 
wamours as flow into them from their particu- 
lar veſſels; and that this is, as it were, the firſt 
cauſe of the dilatation or expanſion of the muſ- 
cles, though they ſtill perſiſt in a ſtate of con- 
traction in a leſſer degree. By this power alſd, 
the circumambient air is driven out of its place, 
and becomes condenſed, in the fame propor- 
tion wherein the muſcles are expanded. Third- 
ly, The contents of the viſcera, cavities, 'and 
little tubes of the body, about which the 
moving fibres are diſpoſed, contribute greatly, 
as a ſecundary cauſe, which obtains in natural 
motions, to the complete diſtention or dilata- 
tion of the muſcles; whereas, in voluntary 
motions, ſuch complete diſtention and dilata- 
tion muſt be attributed chiefly to the contrary 
determination of the antagoniſt. muſcles : for 
the moving fibres in theſe two ſpecies of muſ- 
cles, which are differently ſituated, are conſi- 
derably expanded by theſe two cauſes, which 
likewiſe diſpoſe the blood-veſſels, belonging to 
the muſcles, to receive a far greater quantity of 
blood; ſo that the dilatation being once arrived 
at its higheſt pitch, the returning contraction 
may be the more powerful. ' Fourthly, The 
air, already repelled and condenſed, contributes 
greatly to produce this effect; for, by being 
immediately urged to dilate itſelf by the equi- 
librium of the atmoſphere, it, in its turn, acts 
with the greater violence upon the muſcles, to 
oblige them to return into their late ſtate of 
contraction; which is beſides ſo natural to 
them, that they would reaſſume it of them- 
ſelves, ſooner or later, without any ſuch com- 
pulſion. Fifthly, We muſt add to the cauſes 
already aſſigned, the perpetual and natural ir- 
ritations which the nerves are conſtantly excit- 
ing in the moving fibres of the muſcles them- 
ſelves, and which are continually engaged in 
urging them to contraction. I would here be 
underſtood to mean thoſe ſtimuli, which are 
produced by the blood in its circulation, and in 
its paſſage through the arteries to the origin of 
the ſpinal marrow, and all the nerves; or elſe 
thoſe ſtimuli which are communicated to the 
beginning of the ſpinal marrow, and the nerves, 
by external objects, which make an impreſſion 
upon the blood. Hence therefore, in the ſixth 
place, the muſcles, as well the natural and 
moveable ones as thoſe ſubject to the dictates 
of the will, are neceſſarily diſpoſed, and in a 
manner conſtrained, to return to their original 
and natural ſtate of contraction. Hence, ſe- 
venthly, I may reaſonably conclude, that in 
all the reciprocal contractions of the muſcles, 
their contents are again forcibly diſcharged, 
ſince the moving fibres, which were before 
extended, at this time come nearer again to 
each other, and become very compact, ſo as 
to recover the ſituation they were in, previous 
to their being dilated. For this reaſon alſo, 
they muſt then take up leſs room, though we 
may ſee foine tumours ariſe at this time on the 
turface of the muſcles; theſe tumours being 
produced by the extraordinary compactneſs of 


the 
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the fibres, of which the muſcles are compoſed, 
and conſequently by the ſubſiding of the adja- 
cent parts, rather than by any inflation of thoſe 
parts of which they themſelves conſiſt; as the 
authors, who have hitherto treated this ſubject, 
have falſly imagined. - Seventhly, and- laſtly, 
therefore, I from hence (conclude, that all the 
actions of the muſcles conſiſt in contraction, 
or in a return to that form and diſpoſition they 
had before they were dilated; ſo that the muſ- 
cles, as often as they are again dilated, or de- 
termined a contrary way, by the cauſe already 
aſſigned, or by means of their contents, or by 
the action of the antagoniſt muſcles, conſtantly 
return afterwards to their former ſtate of con- 
traction, - whether the motions they are to give 
be natural or voluntary. | 5 

Though this be uſually the caſe, and prin- 
cipally with regard to the natural motions of 
the muſcles, it nevertheleſs is obſerved to take 

lace in their voluntary motions alſo; though, 
to effect theſe laſt, the conſent of the will is 
likewiſe neceſſary. For we find, that, in all 
the voluntary motions of the muſcles, there is 
likewiſe abſolutely required ſome internal or 
external cauſe, by means of which a contrac- 
tion of the antagoniſt muſcles may be deter- 
mined another way | ; 

Therefore, ſince all the muſcles are in a 
perpetual ſtate of contraction, it is eaſy to con- 
ceive, that the leaſt degree of determination, 
whatever cauſe may ſerve to produce it, is ſuffi- 
cient to diſpoſe them to move the body, make 
it advance, remove it from place to place, and 
actuate it in a thouſand other different ways. 
Nor is it in natural motions alone, that 
things are obſerved to proceed in this manner, 
as plainly appears by the contraction of the 
pupil of the eye, which inſtantaneouſly ex- 
pands and dilates itſelf, by means of its muſ- 
cles, as the eye is more or leſs irritated by the 
particles of light. The ſame may be obſerved 
of the moving fibres of the inteſtines, which 
conſtantly alſo contract and expand themſelves, 
in proportion to their contents; ſo that their 
motion perfectly reſembles that of the ſea, 
whoſe waves follow and mutually preſs upon 
one another. 

We often obſerve, that a natural contraction 
takes place in thoſe muſcles, which are ſaid to 
move as the will directs; as is manifeſt in our 
walking, ſtanding, and making uſe of our 
hands: for we certainly move our limbs almoſt 
every moment, without reflecting in the leaſt 
upon what we do. Thus, with regard to ex- 
ternal objects, we often ſalute a perſon we 
meet, merely becauſe another in our company 
takes of his hat, or becauſe we are affected by 
ſuch external object, though we do not know 
who the perſon is we have ſaluted, nor ſo much 
as think of our ſaluting him. For this reaſon 
therefore it is plain, that as our memory is 
local, and is aſſiſted by the image of one thing 
in paſſing to that of another, and ſo on without 
end, the contractions of our muſcles are in like 
manner natural; and the muſcles themſelves 
are urged by one cauſe of motion to another, 


131 
and from this to a third, and ſo on without any 
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It is for a fimilar reaſon, that, when we find 
ourſelves too near the fire, we retire to a greater 
diſtance-from it, and put our limbs, by means 
of various motions, into their former poſture; 
without attending in the leaſt to what we do 
but merely in conſequence of the impreſſion 
made upon us by the itritating object. From 
hence it appears, that we can never be truely 
ſaid to move voluntarily, unleſs when the will 
itſelf is put in motion by the object, and then 
by its own motion produces a third; for when= 
ever the light happens to be too ſtrong, we ſhut 
our eyes, turn our head aſide, and give our- 
ſelves many other motions, as we are variouſly 
excited to them by. the objects that preſent 
themſelves. 

All theſe facts abundantly prove, that thoſe 
very muſcles, by whoſe aſſiſtance we perform 
our voluntary motions, are notwithſtanding 
always themſelves moved in a natural manner, 
not only becauſe an internal or external prin- 
ciple, cauſe, or object is alone requiſite to de- 
termine them ; but likewiſe becauſe a volun- 
tary motion 1s never produced, unleſs ſuch a 
determining e whatever that may be, 
precedes it, though it ſhould be but a thought 
merely caſual,” let alone one previouſly excited. 


© * 


Cannot a ſimple dream, or ſome abſolute phan- 


tom, preſenting itſelf before us in the night, 
ſo affect us? Even in this caſe, we immediately 
ſtart, tremble, and perhaps get out of bed, 
ſhriek, and call for aſſiſtance. And all this 
we do merely becauſe we then juſt determine 
another way our muſcles, already prepared for 
action, We may obſerve the ſame things alſo 
in our ſpontaneous or natural motions, though 
ſuch motions can be but very ſeldom deter- 
mined by us, and that alſo under certain con- 
ditions only. For our will, as I took notice in 
the beginning, has very little power in deter- 
mining ſuch of the muſcles as have no anta- 
goniſts; and indeed, if nature had not be- 
ſtowed upon us ſuch antagoniſt muſcles, we 
ſhould have been little better than vegetables, 
which cannot ſtir from the place wherein they 
have taken root. | 
It is evident, from the foregoing obſervations, 
that a great number of things concur in the 
contraction of the muſcles; and that we ſhould 
be thoroughly acquainted with that wonderful 
machine our body, and the elements with 
which we are ſurrounded, to deſcribe exactly 
one ſingle muſcle, and explain its action, in a 
ſatisfatory manner. On this occaſion, it would 
be neceſſary for us to conſider the atmoſphere, 
the nature of our food, the blood, the brain, 
marrow, and nerves, that moſt ſubtile matter 
which inſtantaneouſly flows to the moving 


fibres, and many other things, before we could 


expect to attain a ſight of the perfect and cer- 
tain truth. For my part, I own that I have 
endeavoured to offer ſomething on this impor- 
tant ſubject worth the publick's acceptance; 
but yet I am ſenſible, that all this time I have 
been, as it were, repreſenting with a coal the 

| ſuns 
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ſun's meridian rays: fo that this my little eſſay 
can pretend to no merit, on any other account, 
but that of its conformity to Nature, which I 
I ſhall, in time, be allowed not to have 
miſrepreſented. - And that time will be, when 
happier geniuſes ſhall- have made all theſe 
things clear and evident; for this may certain- 
ly be attained by laying aſide all little thoughts 
of our own glory, in — the works 
of Nature, and thinking of His only, without 
whoſe affiſtance we could not even know 
thing of them. At that happy period. the 
defire of writing for the ſake of being talked 
of, will no longer prevail: we ſhall not then 
be anticipating our own praiſes, ſince all our 
intentions being directed to the honour of the 
Creator, we ſhall of courſe reſiſt the corrupt 
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A compariſon of the changes in the Clove-TJulyflower,, with 
their Nymph-ftate. * 


TAB. XLVI. .. 
Exhibit in the figure of this Table, 
No. I. The garden Caryophyllus, or Clove- 
Julyflower, under its firſt coat or tunick, with- 


in which it goes by the name of the ſecd of, 


the plant. | 

Il. The faid coat or tunick fallen off from 
the latent rudiments. 

III. The little new germen, or firſt ſhoot of 
the plant. 

IV. The ſaid germen opened into a few 
leaves. | 

V. The ſame germen or bud, when its fol- 
liculus or flower-cup is called a gemma, or 
bud; in which condition I conſider it as a 
Nymph. 

VI. The Caryophyllus or Clove- Julyflower 
itſelf, after it has burſt open its gemma or bud, 
and is become ready to thew its {ceds, 

Having ſhewn in general, in the firſt part 
of this work, the ſimilitude there is between 
the changes of vegetables and thoſe of inſects, 
I ſhall now, to make it the plainer, give a par- 
ticular inſtance of it in the Caryophyllus or 
Clove; adding figures, to make every thing 
the more intelligible “. | - 

Tab. XLVI. Fig. 1. Firſt then I give a 
figure of this plant's ſeed, as it appears to the 
naked eye; and then, at the letter A, I repre- 
ſent it as it appears through the microſcope. 
Near the middle of it there appears a white 
protuberance ; by which, while it remains in 
its cell, it receives life, nouriſhment, and in- 
creaſe, in the ſame manner with the eggs of 
inſets in the ovary; ſo that we may conſider 


ln the courſe of vegetable nature, if the ſyſtem of vegetable 


in all other plants as in the inſtance there bell the origin of 


thing of that incomprehenſible doctrine of invigorating atoms, or a ſeminal air; but grow 
Ihe fibres of the root are compoſed of five ſubſtances, laid over one another, and theſe terminate in the ſeveral parts belongs 


the lower. The fleſhy ſubſtznce of the ſtalk terminates in the antheræ, and each termination of it is in a minute plant, 
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flattery, - and fond of obtaining the tile of 
learned and ingenious men: all which I only 


| conſider as vanity of vanities, fince truth is the 


only thing upon which we ought to depend, as 
on a firm foundation, and for which we ought 
to value ourſelves. Whois it amongſt us, that 
ſhall diſcover the truth, conſidering our blind 
neſs in judging even of the viſible objects that 
ſurround us ? Hence therefore, to conclude 
this eſſay, I ſhall obſerve, that every true and 
valuable diſcovery- is the gift of the Divine 
Grace, which God diſtributes . as he pleaſes, 
and makes manifeſt at his own time. My ob- 
ſervations, concerning the nerves, may be found 
in my hiſtory of the Rhinoceros Beetle. 


4 
27 


> 
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thoſe in inſecis during 


this firſt principle, which is likewiſe found in 
other ſeeds, as the cicatrix of the navel-ſtring, 
after it has been cut and tied up. There ap- 
ar alſo, on the ſurface of the ſeed of the Clove- 
ulyflower, ſome very pretty little jagged un- 
evenneſſes, interſperſed with black pots ; by 
means of which it looks not unlike” that 
rugged ſkin called chagreen, and may indeed 
be very aptly compared to that kind of ſkin. 
Fig. 11. Secondly, I exhibit the coat, ſkin, 
ſhell, peel, rind, or tunick, which the e- 
ſeed throws off, in order to appear under the 
ſhape of a germen, or firſt 25 111, juſt as 
inſects caſt their ſkins at the time of their 
changes. 
After having repreſented the external ap- 
pearance of the Clove- Julyflower-feed, N. I. 
and A, I give the form of the ſkin it has caſt 
off under N?. II. At the letter B, I give the 
true appearance of the ſeed contained within 
that ſkin or coat, drawn after nature ; and at 
the letter C, as it appeared through the micro- 
ſcope, that my readers may be able to form 
juſter notions of it. There are two things in this 
ſeed which deſerve particular regard; namely, 
its prominent apiculus, or point, and that bivalve 
diviſion or parting ! is to be ſeen in the 
reſt of its body. On the ſeed's being com- 
mitted to the earth, we obſerve that the point 
or cone bends downwards, and divides into 
roots at its extremity, Ne. III. whilſt the reſt 
of the body of the ſeed, opening more and 
more, at laſt throws off its external coat, Ne. 
II. and conſtitutes the two firſt leaves of the 
future plant. | 


neration, juſt publiſhed by Dr. Hill, be found to anſwer equally 
is part of Nature's products is very fimple. There remains no- 
whole operation is a continued th. 
to 
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lodged in a grain of farina, and defended by a watry ſubſtance : it is with this carried down the ſtyle into the ſeed-veſſels, and 
lodged in the feeds. Theſe cover it with new membranes; and when put into the ground, it caſts off theſe membranes, and 
acquires its growth, juſt as this aucher obſerves of the Clove ; confirming all his obſervations, 


Fig. 
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Fig. 111. As repreſented after nature, under 
the third number. I here exactly exhibit the 


two firſt leaves of this plant, with its root, and 
the fibres belonging to that part, and all the ſp 


tender little rudiments of the infant Clove- 
Julyflower, Which at this period exactly re- 
ſembles an inſect; that has juſt crept out of its 
firſt coat or ſkin. ; 

Fig. iv. Fourthly, I exhibit the germen of 
the Caryophyllus, or Clove-Julyflower, ſome- 
what more grown, and adorned all round with 
excreſcent leaves, which may very well be 
compared with the little bundles of hair ſpring- 
ing from the ſkins of Caterpillars. 


Fig. v. I ſhew in what manner the germen, 
or firkk ſhoot, has at laſt grown to a gemma or 


bud, calyx or cup, which contains the latent 


Clove-flower, neatly folded up in the ſame 
manner that the Nymyh or Chryſalis contains 
the future flying inſet. But there is this dif- 
ference, that * parts of the Clove are uni- 
formly ſurrounded with one continued coat or 
ſkin, like the embryo Chicken in the ſhell of 
its egg; whereas all the limbs of Nymphs or 
Chryſallides are wrapped up each in its own 
pecular covering, without being ever found 
under one common coat, unleſs it be in ſuch 
inſects as never throw off their laſt ſkin; as is 
the caſe in the fourth order. s 

Fig. vi. Laſtly, I give a drawing of the 
Clove, at the time when it is in flower : when, 
after having burſt its calyx, gemma, or bud, in 


the ſame manner that the new Butterfly breaks 


from its Nymph or Chryſalis, and acquired its 
full ſize, a * — for ſhedding its ſeed; 
it ſeems to wait, in its gay attire, for the com- 
ing of its mate, juſt as inſects do for an inter- 
courſe with theirs. But as the Great Architect 
has not allowed plants a power of motion, and 
has ordered that they ſhould propagate the 
ſpecies without copulation, this little flower by 
degrees breathes forth its life, by a continual 
evaporation of the moſt fragrant odours, re- 
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ſembling the breathing forth of ſo many amo- 


rous withes; and finds only in its death the 
means of making itſelf immortal in its off- 
ring. 

There are likewiſe inſects, as I have elſe- 
where obſerved, which; though diſtinguiſhed 
into males and females; propagate their ſpecies 
without any venereal intercourſe. Of this 
kind is the Ephemerus. Even animals that 
have blood, as fiſhes, for example, are found 
alſo to perpetuate themſelves in the ſame 
manner. 

If, therefore, we attentively conſider the or- 
der in which the parts of inſects, larger ani- 
mals, and vegetables increaſe, and alter from 
one form to another, and the other particulars 
belonging to ſuch increaſe and changes, we 
ſhall evidently ſee, that all God's works are 
really founded upon the ſame rules, and agree 
pn 0487 with an inconceivable regularity. But 
who is it, that, after ſeriouſly reflecting upon 
ſuch an agreement, dare maintain, that the 
meaneſt being under the heavens can owe to 
mere chance its eflence, exiſtence, perſervation, 
and rank in the creation ? 

As the generation, breeding, increaſe, and 
changes obſervable in the Louſe, the Dragon- 
fly, the Ant, Butterfly, and common F ly, how 
often ſoever repeated, are obſerved to obey 
conſtantly the / op laws; remain within the 
ſame limits, and proceed in one uniform and 
certain manner; what reaſon can there be to 
ſuppoſe, that the other parts of the creation 
ſhould be governed with leſs wiſdom, power, 
and goodneſs ? What grounds for the leaſt dif- 
fidence in the Great Lord and Maſter of ſuch 
an univerſe? What powerful motives rather 
have we not, to acquieſce humbly in his coun- 
ſels, adore his omnipotent hand, and praiſe 
his works, whoſe exquiſiteneſs infinitely ſur- 
paſſes the ſtrongeſt efforts of the moſt ſubtile 
and daring imaginations ? 


The Concluſion 


OOocluding this work, I cannot but obſerve 
that the manner in which the inſects I 
have treated of, and all others, eſcape the in- 
juries of the cold and rainy ſeaſons, is of too 
much importance, and too —_ in itſelf, 
not to deſerve ſome ſhare of our attention. 
Experience has taught me, that they do this 
in four different ways. 

Firſt, I have obſerved that the inſets them- 
ſelves, which have acquired their full growth 
and perfection, outlive the —_— of winter ; 
at which ſeaſon they ſo entirely loſe all power 
of motion, that when taken from the little 
places of retreat they had choſen for them- 
ſelves, during the autumnal months, as beſt 
agreeing with their ſeveral natures and diſpoſi- 
tions, they cannot by any means reinſtate them- 
ſelves. But if you cheriſh them gently with a 
warm hand, or hold them at a proper diſtance 
to the fire, they not only ſoon recover the 


power of moving themſelves, but likewiſe the 
uſe of their wings, with which they fly about 
as before, till the coldneſs of the circumam- 
bient air has again numbed them, or they have 
found other convenient winter-quarters. That 
all inſects do not equally loſe this power of 


moving themſelves, is plain, among many 


others, in the caſe of Bees; for theſe not only 
opeti and ſhut the doors of their hives in the 
winter ſeaſon, but tenderly and diligently nurſe 
and rear their young offspring in the very depth 
of it. Hence it is, that not only young Bees 
may be fotind in the hives at the firſt dawn of 
ſpring; but that even it is a common ſaying 
amongſt thoſe that delight in this uſeful inſect, 
that young Bees and Swallows make their ap- 
pearance at the ſame time. | 

Swallows feed upon Bees and other inſects, 
which they ſeize in their moſt rapid flights. 


For this reaſon, in rainy weather, when no in- 


LI ſects 
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juices move very ſlowly, and are in a manner 
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ſects are to be found in the air, theſe birds, in 
order to take them, fly near the ground; a cir- 
cumſtance which has given a handle for that 
very abſurd notion of ſome people, that Swal- 
lows can foreſee an impending ſtorm; where- 
as, as I have been juſt ſaying, they ſkim the 
earth in heavy, cloudy, rainy, or ſtormy wea- 
ther, merely to come at the inſects, upon 
which they prey, and Which, at theſe times, al- 
ways betake themſelves to reſt. For the ſame 
reaſon I believe Swallows conſtantly follow the 
courſe of the Sun; and when winter comes 
upon us, retire to 'the other climates which 
enjoy at that time a pleaſant ſpring, a fruitful 
ſummer, or a temperate autumn, and are there- 
fore qualified to ſupply them with a ſufficiency 
of food. 

I have obſerved, that ſome inſects can only 
endure the winter in the worm-ſtate. Theſe 
are found not only above and under ground, 
in the hollows of trees, between the leaves of 
plants, in the hearts of fruits, and in vegeta- 
ble excreſcences, but even in the water, and 
are often encloſed in ice. But then it is ob- 
ſervable of theſe inſects, that moſt of them are 
much ſtronger at this period, than ever they 
are afterwards, when they have gone through 
their changes, and are become capable of pro- 
pagating of their ſpecies. Thus we find that 
the Water-worm, which changes to an Ephe- 
merus, is ſo tenacious of life, that it can live 
many days after being run through with a pin; 
whereas in the Fly-ſtate it lives even without 
recciving the leaſt injury, but four hours at 
longeſt. However, we likewiſe know by ex- 
perience, that theſe creatures, tho' vigorous and 
robuſt, periſh very ſuddenly, if they do not 
happen to find quarters adapted to their na- 
ture. Of this the Worms found in Hazel- 
nuts and filberts, are a ſtriking inſtance; for 
unleſs you place them in moiſt ſand, where they 
dig themſelves holes to ſerve them for winter- 
quarters, not only they die very ſoon, but even 
in the ſpace of one ſingle night, will harden, 
and dry to ſuch a degree, that they will in a 
manner fall to, duſt between the fingers. I 
have obſerved alto, that this is the caſe with 
the Worms bred in the tubercles of Mal- 
low-leaves, tho' they never make holes for 
themſelves iu the earth, in whicn they may 
paſs the winter, but defend themſelves againſt 
its rigours, by ſpinning a commodious covering 
for their bodies. 

Thirdly, I find that other inſects paſs the 
winter in the Nymph-ſtate, in which they may 
be found as well on the ſurface of the earth, as 
buried under ground; and even in the water, 
where they will live for ſome months without 
any food ; for at this time, they want ſtrength 
to take any, as well thro' the weaknels of their 
limbs, as on account of the great quantity of ſu- 
pertluous moiſture with which their bodies are 
charged. I have likewiſe remarked, as I al- 
ready mentioned, that the greateſt part of theſe 
inſects, Which outlive the winter in a perfect 
ſlate, require no food from one end of that 
aten to the other; for at that time their 


condenſed by the coldneſs of the circum am- 
bient air; both which are ſufhcient to account 


for ſo long a faſt. | 


Hence it is alſo, that theſe little creatures, 
when cheriſhed with the leaſt warmth, recover 
their former ſenſes and motion ; whereas, be- 
fore, they were ſo entirely motionleſs, as even 
not to void any excrements. And this circum- 
ſtance affords us another proof of their not tak- 
ing any food at that time; for where there is 
no loſs, there can be no neceſſity for any nou- 
riſhment to repair the waſte. 

Fourthly, and laſtly, I have found inſects to 
ſurvive the winter in their eggs ; in which, as 
I have heretofore obſerved, they often wear the 
form of Nymphs. 

Bur I ſhall hereafter explain the advantages 
that accrue from this condition of Inſects in 
the Nymph, and other ftates, when I come to 
deſcribe after what manner they bury their eggs 
in ſpring, on the approach of warm weather, 
in the tender germina or buds of plants, and in 
the leaves of trees; a thing which 1 mightily 
long for the ſatisfaction of ſecing with m 
own eyes. Perhaps I may at laſt find the 
means of ſatisfying my curioſity. And, as no 
deſcriptions or drawings can impart full and 
juſt notions of the form and external appear- 
ance of theſe little creatures, I have formed a 
reſolution of collecting ſome hundreds of them, 
in order to preſerve them in balſam, after hay- 
ing ſufficiently dried them. | | 

I could prove by the teſtimonies of people 
of all ranks, that I have in my muſæum ſpeci- 
mens of all the inſects I have ſpoken of in the 
foregoing treatiſe, to the number of more than 
twelve hundred, with their Nymphs, Chryſa- 
lides, and Vermiform-nymphs. But here, in 
order to do myſelf juſtice, I appeal to that moſt 
curious and learned gentleman the Abbe Bou- 
caud, who, after he had been firſt to ſee me, 
in company with the celebrated Olaus Bor- 
richius, Profeſſor of Phyſick in the Univer- 
ſity of Copenhagen, thought it not beneath him 
to return often to my houſe to examine the 
great number of natural curioſities J have there 
treaſured up. 

I might likewiſe appeal to the moſt noble and 
accurate Paul Falconier, who ſome time ago 
did me the honour of a viſit, and was pleaſed to 
approve my occupations and ſtudies. But I 
would not have the readers imagine, that I have 
minutely examined every ſingle inſe& of my col- 


lection; I have onlyreduced a great many of them 


to my four orders, as may appear to any one, 
that will be at the pains of conſidering what I 
have faid of theſe orders. And this caution I gave 
in the ſame place, for fear of deceiving others, and 
perhaps myſelf, with e ation of more being 
done in this branch of natural hiſtory than there 
really is. Though, let us do as much as we 
can, I believe it ſo far from poflible to know 
every ſpecies of inſects, and the changes of each, 
that I believe the labour of ages would not be 
ſuflicient to-diſcover all the kinds of them. In 
the mean time, I challenge any one to produce a 
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ſingle inſect, that may not be referted to one of 
the four orders of mutations which I have propoſ- 
ed; for to me, if I may here truſt my reaſon, the 
thing appears impoſlible. I leave it to time to diſ- 
cover the truth of this aſſertion; and do not de- 
fire any credit to be given to my relations, unleſs 
the things I ſpeak are found to agree exactly 
with the originals, as I have deſcribed them after 
nature with all rhe exactneſs and perſpicuity I 
was maſter of, : 

Having thus produced every thing, which in 
my opinion could be faid in general, or in par- 
ticular, concerning inſets, I had reſolved to add 
another diſſertation on their eggs, worms, and 
Nymphs : but I muſt defer this to ſome other 
opportunity. I had even flattered myſelf with 
the hopes of being able to preſent the public 
with a ſeparate account of the little inſects found 
in the bodies of others of a larger ſize ; but as 
yet I want ſufficient experiments for that pur- 
poſe, though I am firmly perſuaded that no- 
thing is to be attributed to chance in the gene- 
ration of them. 

I ſhall now ſay no more on this ſubject, as it 
is moſt evident that all God's works are go- 
verned by the ſame rules; and as the true and 
primitive origins of them are infinitely beyond 
the reach of our comprehenſion, fo that we can- 
not be ſaid to know more than the bare outlines 
of that infinite Being's image, to whom they 


owe their exiſtence ; ſo I may hence, for certain, 


conclude, that all the knowledge and wiſdom of 
philoſophers, conſiſts merely in an accurate per- 
ception of theſe elegant appearances or effects, 
which are produced by firſt cauſes, and are 
often themſelves, in their turn, the cauſes of 
other effects. For this reaſon, we ſhould ſtre- 


nuouſly endeavour to make ourſelves well ac- 


quainted with theſe appearances, and then draw 
from them firm rules and principles ; otherwiſe, 
as I have hinted in my preface, we may eaſily 
loſe our way, and ſtray into the paths of error, 
as diſputing on nature, which is quite inexhauſt- 
ible, without ſufficient experiments, which, on 
ſuch an occaſion, are as neceſſary to find us a 
path, conſidering with what darkneſs of igno- 
rance we are ſurrounded, as a ſtaff is to the 
blind. It often happens, through our own fault, 
that thoſe things, of which we might acquire 
competent notions with very little trouble, be- 
come not only dark, but quite incomprehenſible 
to us, ſo as to encreaſe our blindneſs, by the er- 
roneous inferences we draw from them, rather 
than add to our knowledge. Of this our great 
weakneſs, Goedaert alone is a ſufficient example; 
for that author, by falſely imagining to himſelf, 
for want of proper experiments, that Caterpil- 
lars, degenerated into crippled and imperfect in- 
ſes, as often as they performed their mutations, 
without being properly grown and fed for that 


purpoſe, not only in conſequence of this falſe 


poſition, involved all his other experiments in 
the moſt perfect darkneſs, but contracted himſelf 
ſuch a blindneſs, that he could not perceive one 
of the moſt excellent principles of natural hiſto- 


ry, though it lay directly under his eyes. I omit 


naming many other naturaliſts, who, too lazy, 


or too proud, to make experiments, and guided 
only by their weak reaſon, or weaker imagina- 
tion, have argued on the mutations of inſects; 
with juſt as much propriety, as a blind man may 
be ſuppoſed to ſpeak of colours; inſomuch that I 
ſhould be aſhamed to put my readers in mind 
of their empty and chiidiſh reaſonings. Nor is 
there the leaſt ſhadow of excuſe, for the unwar- 
rantable boldneſs of ſuch perſons, who were not 
aſhamed to ſpeak without any heſitation ot doubt 
of things, whoſe cauſes and principles they were 
utterly unacquainted with, But, to ſpeak my 
mind with freedom and candour: if we are to 
regard as idle and vain, all thoſe reaſonings of 
ours, Which cannot be primarily demonſtrated 
by experiments, and do not ultimately terminate 
in them, no reaſonings can be fo ſtrong and 
certain, as thoſe which are drawn from the very 
obſervations and experiments, in which they 
may likewiſe be found to terminate. All ſuch 


arguments, therefore, as want this firm and im- 


moveable baſis of experiments, are to be greatly 
ſuſpected of error, whatever ſyllogiſins and enu- 
merations people may think proper to build them 
upon; and when they do not exactly agree with 
experiments, they deſefve to be rejected, Of 
this opinion was likewiſe the illuſtricus Des Car- 
tes, who, in his eſſay upon method, has the fol- 
lowing words. For I was always of opinion, 
that more truth is to be found in thoſe reaſon- 
ce ings, which men make uſe of in the com- 
% mon affairs of life, whoſe bad ſucceſs may 
te prove a kind of puniſhment for their reaſon- 
« ing ill, than in thoſe which ſome idle doctor, 
*© cooped up in his ſtudy, has invented concern- 
e ing this entia rationis, and ſuch other empty 
* queſtions, that conduce nothing to the eaſe and 
* happineſs of life, and from which he expeas 
* NO other advantage, unleſs that of reaping fo 
e much the greater harveſt of empty glory from 
e his arguments; as they contain leſs of truth 
and common ſenſe, on account of the extra- 
ordinary ſtrength of genius, and application 
requiſite to give an impoſing air to ſuch ab- 
« ſurdities.” 

If we duly conſider the words of this able phi- 
loſopher, and the great weight and importance 
of experiments, I believe we ſhall find it not un- 
juſt to dignify with the name of reaſon that 
faculty of our minds, by the aſſiſtance of which, 
we form clear and diſtin notions of things, 
whilſt we make proper uſe of our ſenſes in ſuffi- 
cient experiments, ſo as to be able afterwards to 
effect exact copies of the originals we have thus 
endeavoured to be thoroughly acquainted with. 
For this reaſon it is, that our idea of any thin 
is ſaid to be more or leſs clear and diſtinct, ac- 
cording as we can produce another thing more or 
leſs like it; and are therefore ſaid to have more or 
leſs the power of it. This being granted, it 
ſhould follow, that we have no clcar, diſtin, 
or perfect knowledge of any things, except of 
ſuch as we can truly and effectually produce, ac- 
cording to the notions we have of them: ſo that 
ſolid and perfect knowledge muſt be allowed to 
be a very uncommon thing in man, and to be 
confined within very narrow bounds. This is an 


cc 
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imperfection we ſhould readily confeſs, if a prin- 
ciple of vain glory, cheriſhed by that very igno- 
rance, did not preyent us. To give an inſtance 
of theſe things, which are in ſome ſort under- 
ſtood by us, I believe phyſicians, if they had 
clear and diſtin& ideas of the ſtrufture of our 
bodies, and of the motions of the blood, and 
other juices belonging to them, would be able to 
mend radically any unnatural diſpoſition in theſe 
parts, as they could then prove the validity of 
ſuch clear and diſtin ideas, by reducing them 
to the teſt of experiments, which is allowed in 
every country to deſerve credit, more than reaſon 
itſelf. But as hitherto they are very unhappy in 
their attempts to cure our diſorders, and are al- 
ways perplexed by croſs events, from the weak- 
neſs of their reaſonings; we cannot but allow 
from this, and all, that the great Deſcartes has 
beſtowed no commendations on experiments 
which they do not highly deſerve. | 

It is plain, from what has been ſaid, that 
ſomething may exiſt in the underſtanding, which 
never before had been taken notice of by the 
ſenſes, tho' we cannot comprehend them clearly 
and diſtinctly, unleſs they terminate in the ſenſes, 
or at leaſt may effectually terminate in them. 
Beſides, our underſtanding becomes at length 
o diſcerning, as through a frequent and atten- 
tive cblervation of experiments and ſenſible ef- 
fects; ſometimes we are enabled to judge truly 
and ſolidly, without any previous experiment of 
things, which have never fallen under the cogni- 
zance of our ſenſes. To this purpoſe, is what 
Ariſtotle ſays in the tenth chapter of his third 
book concerning the generation of inſects. © We 
« mult truſt our reaſon, if what it demonſtrates 
ebe found to agree with the informations of 
« our ſenſes.” 

All things therefore duly conſidered, it does 
not ſeem unreaſonable to determine, that if we 
had clear and diſtin ideas of the ſtructure of 
the human body, the motions of its juices, and 
every thing elſe relating to that wondertul fabrick; 
not only we ſhould be able, by making a pro- 
per uſe of ſuch ideas, to mend it when impair- 
ed, but might even fo far go beyond the bounds 
of nature, as to reſtore its health and vigour, 
when entirely loſt and decayed. For our in- 
duſtry ſucceeds the better, in producing things 
the more clearly and diſtinctly it comprehends 
them ; whilſt ignorance, on the other hand, is 
attended with a proportionable degree of weak- 
neſs. : 

Bat as it is not always in our power to make 
accurate experiments or obſervations, ſo neither 
are ſuch experiments always ſufficient to give us 


clear and diſtinct notions of the things themſelves. 


Such, for example, as on account of their ex- 
treme minuteneſs or remoteneſs, elude the ſharp- 
neſs of our ſight, Let therefore no one be 
childiſh enough to perſuade himſelf, that we can, 
by the bare efforts of our reaſ n, ever thoroughly 
underſtand the genuine cauſes of ſuch things; 
not to ſay the true effects produced by them. 
For the higheſt degree of wiſdom we are 
capable of attaining, does not conſiſt, as I ob- 
ſerved before, in the knowledge of cauſes, but 


* 


only in the clear and diſtinct comprehenſion of 
the true appearances or effects, by which ſuch 
cauſes diſcover themſelves to our ſeuſes; but 
we afterwards make ule of theſe effects, as ſo 
many ſteps by which we may climb to the firſt 
cauſes, and by the juſt notions we thus ac- 
quire, we are enabled to produce an infinite 
number of things requiſite to make life eaſy 
and happy. Nay, even this knowledge reaches 
no higher than the perception of theſe effects, 


as they are made known to us by a circum- 


ſpect uſe of our ſenſes. And therefore, all 
our reaſonings that are drawn from experi- 
ments already made in one caſe, and then ap- 
plied to 3 in which we have not as yet 
made any, are to be held as dubious and 
ſuſpectible till they end in, and are confirmed 
by immediate experiment. 85 

For this reaſon I am greatly pleaſed with 
the illuſtrious Harvey, when in the preface to 
his treatiſe on the generation of animals, he 
ſpeaks of the methods of finding truth, in the 
ollowing words: * The preſent method 
2 * 5 of inveſtigating truth, is alto- 
« gether erroneous and childiſh, whilſt the 
e generality are taken up in inquiring not what 
« things are, but what others fay of them, and 
e then drawing an univerſal concluſion from 
« ſingular premiſes, to which they often af- 
e terwards add analogical reaſonings, and al- 
% moſt always palm upon us for true, things 
© that are ſeldom more than at the utmoſt 
«« probable. Hence it is, that many ſophiſts, 
« after ranſacking the inventions of others, 
ce preſent them to us as their own, though 
© they have done no more than change the 
ce original author's order and words, and made, 
« perhaps, ſome few inconſiderable additions; 
« by theſe means they render philoſophy, 
* which ought to be certain and perſpicuous, 
« dark, intricate, and confuſed. For thoſe, 
« who whilſt they read an author's words, do 
* not abſtract the images of things, compre- 
« hended in their words from their proper 
« ſenſes, inſtead of furniſhing their minds 
cc with true ideas, fill them with falſe idols 
and empty fancies, which they work up in 
ce their imagination, into ſhadows and chime- 
© ras; ſo that all their fine theories or con- 
e templations which they dignify with the 
* name of knowledge or ſcience, ought ra- 
ether to be conſidered as the dreams of men 
awake, or the ravings of lunaticks.” And 
a little before, he ſays, For the images of 
things that come under the cognizance of 
<« our ſenſes, remain when the things them- 
e ſelves have diſappeared ; and theſe images 
e conſtitute memory, which, by taking in a 
e great number of objects, forms in its turn, 
e what we call experience; and from expe- 
« rience we derive univerſal reaſon, definitions, 
« and maxims, or common axioms, which 
are the certain principles of knowledge.” 
He again ſpeaks to the ſame purpoſe in his 
forty- fourth exercitation, and in the following 
terms. * It is therefore, no ſuch wonder, 
<« that ſo many errors ſhould have deſcended 
© even 
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te even to dur times from the remoteſt anti- 
« quity, with the unanimous conſent and ap- 
« probation of mankind ; ot that men of great 
« abilities in ſome reſpects, ſhould have com- 
emitted miſtakes, as they thought it ſufficient 
« to be wiſe. with the wiſdom of others, or 
« "Jearned with their learning, and to fill their 
« memory with the opinions of learned men. 
« But thoſe who philoſophize in this manner 
« by traduction, if I may thus expreſs myſelf, 
© are not a whit wiſer than the inanimate 
© books through which they come at their 
e i}l-digeſted notions.” 

Thus alſo, the great Deſcartes ſpent his 
whole life in endeavouring to make philoſo- 
phy a practical ſcience, inſtead of a merely 
theoretical one, as it had been to his days, that 
thereby he might make it ſubſervient to the 
molt important purpoſes: of life and health. 
But as he conſidered he might not perhaps 
live long enough, or be able to make enough 
of experiments to accompliſh ſo noble a deſign, 
he warmly exhorts men of ſuperior abilities to 
ſuch a taſk, and to loſe no opportunity of 
making experiments, and reducing every thing 
to that ſure and infallible: teſt. To this pur- 
poſe he ſpeaks as follows, in his eſſay on me- 
thod. * But.as I had propoſed to ſpend my 
« whole life in the acquiſition of ſo neceſſary 
«- a ſcience, and fell upon a method, which I 
e thought would enſure me ſucceſs in the en- 
e terpriſe, 'unleſs death, or a want of expe- 
« ments ſhould interpoſe; I judged the beſt 
« thing I could do to remove theſe obſtacles, 
« would be to lay before the publick a faith- 
e ful account of all the advances I had made, 
«© however inconſiderable ; and at the ſame 
e time endeavour to perſuade men of extra- 
* ordinary genius to 7 what I had be- 
« gun, and make each of them in particular 
<« as many experiments as he could, and then 
s inform the publick of every diſcovery made 
« this way, that by the laſt beginning where 
te their predeceſſors in this uſeful undertaking 
« had left off, and then joining together the 
ce lives and labours of a great many, we might 
<« ſooner obtain our purpoſe, than could be 
« done by the unaſſiſted endeavours of ſingle 
« perſons. I have always found the more any 
« perſon knew, the more he ſtood in need of 
« making further experiments.” | 

The illuſtrious Boyle, to whom mankind is fo 
highly obliged for his admirable writings, not 
only conſtantly endeavoured, and that with 
great labour and expence, to add to the num- 
ber of uſeful experiments already made, and 
thence derive certain, and ſolid concluſions, 
but likewiſe ſtrenuouſly, tho' candidly, endea- 
voured to prove by the weightieſt arguments, 


© 
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the great uſefulneſs and neceſſity of experi- 
mental phyſiological. Theſe are his words, in 
his proemial eſſay to certain phyſiological eſſays. 
Af men could be perſuaded to mind more 
ce the , advancement of natural philoſophy, 
te than that of their own reputations ; it were 
te not, methinks, very uneaſy to make them 
« ſenſible, that one of the conſiderableſt ſer- 
ce vices that they could do mankind, were 
e to ſet themſelves diligently and induſtri- 
ce ouſly to make experiments, and collect ob- 
« ſervations; without being over- forward to 
« eſtabliſh principles and axioms, believing it 
te uneaſyto erect ſuch theories as are capable to 
e explicate all the phznomena of Nature, be- 
e fore they have been able to take notice of 
« the tenth part of thoſe phænomena that are 
eto be explicated. Not that I at all diſallow 
e the ule of reaſoning upon experiments, or 
e the endeavouring to diſcern as early as we 
* can, the confederations, and differences, and 
* tendencies. of things: for ſuch an abſolute 
e ſuſpenſion of the exerciſe of reaſoning were 
« exceeding troubleſome, if not impoſſible.” 

But thatImay at length conclude, the ſucceſs 
of my labours fo apparent in every page of this 
work, proves abundantly all that I have ad- 
vanced on this occaſion. For when I conſider 
within myſelf, that by the help of experi- 
ments, I have here been. able to diſcover 
things, which not only men of moderate 
parts, but even the greateſt geniuſes, from the 
age of Ariſtotle, to the preſent, during an inte- 
rval of about two thouſand years, have in_vain 
endeavoured to find out, I cannot but look up- 
on this happy reſult of my labours as the beſt 
proof of the ſuperior excellency of experimen- 
tal philoſophy. Nor is there here any occa- 
ſion for a great parade of words to demon- 
ſtrate the abſolute neceſſity of diligently ex- 
amining things in themſelves ; for if our juſteſt 
reaſonings ought to terminate in experiments, 
to be built upon experiments, and purſue the 
courſe preſcribed us by experiments, who is 
there, that would not, in forming his judg- 
ment of things, much rather truſt to expe- 
rience, then to the idle fancies of his imagi- 
nation ; nay, I may aſk, who will hereaffer 
dare to affirm, that we may depend upon our 
reaſon alone, to come at the knowledge of 
every kind of truth ? whereas it is moſt cer- 
tain, that by making a proper uſe of our ſenſes, 
we may from the things we ſee, gather ſuffi- 
cient information concerning thoſe that we 
cannot ; the end of the general and particu- 
lar treating of inſects, al which I have re- 
duced to four orders, and proved to reſt upon 


one ſingle foundation, which is the Nymph, 
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The anatomy of the * Sea-Sepia or Cuttle- Fiſh. I aſcribed to the moſt excellent Francis 
Redi, pbyſician to the great Duke of Tuſcany, a moſt indefatigable ſearcher into 


the miraculous works of Mature. 


THE INTRODUCTION. 


HERE is not among the ſoft fiſhes, 

j which are ſaid to have no blood, any 
that claims our attention fo much as 

the Sepia or Cuttle-fifh ; as well on account of its 
external figure, which is wonderful beyond all 
deſcription, as for the ſtructure, order, and diſ- 
poſition of its internal parts, which moſt evidently 
ſhew themſelves the work of infinite wiſdom. I 
ſhall not ſpeak of the common miſtakes and errors 
of the generality of mankind concerning this crea- 


ture, much leſs attempt to cenſure thoſe eminent 


writers, who before me have treated of this ſub- 
ject ; for every one of them wrote of natural hiſ- 
tory according to his own genius and fancy, I 
chooſerather to exhibitin a few words the external 
and internal parts of this extremely fingular ani- 
mal. And whilſt I do this, I appeal for the 
truth of my relation to the reader's own eyes, by 
defiring him to inſpect the creature itſelf. Cer- 
tainly, thoſe who would avoid being impoſed 
upon, ſhould ſtudy nature in herſelf; for fo 
many fallacies and errors have crept into the 
writings of preceding ages, that people cannot 
but be led aſtray by them, as often taking 
things upon truſt, they neglect to ſee for them- 
ſelves. This will evidently appear by the fol- 
lowing hiftory, which, tho' a new relation, does 
no more than exhibit in a new dreſs the truth it- 
ſelf, than which nothing can be more ancient. 
The Sepia or Cuttle, is a creature that has 
eight legs, two long arms or claws, a ſhort 


head, very large eyes, and the beak of a Parrot. 


The body is ſomewhat oblong, confiderably 
broad and thick; and the back is prettily marked 
with ſeveral whitiſh furrows, and elegantly dot- 
ted. The Sepia or Cuttle is frequently found 
dead on the Dutch coaſts in the ſummer months; 
it was there I firſt met with ſome of them, and 
made drawings of their viſcera, But the hiſtory 
I am now about to give, is no more than a bare 
narration of what I] obſerved in two of them, 
which were brought me from the ſea about the 
middle of May, and of which I took ſhort notes 
and drawings, in great haſte, during four days that 
I ſpent in this inquiry. | 

The moſt confiderable parts of the Sepia, 


which firſt offer themſelves to our view, are its 
legs and arms or claws. The legs to the number 
of eight, are ſeated round its mouth. The two 
forefeet, Tab. L. Fig. 1. aa, are very thick, and 
appear broad, when the fiſh lies flat upon its belly. 
The other ſix are very like one another in ſize and 
form. One fide of all theſe feet is covered with 
a common ſkin, which is pretty ſtrong, and of 
a purple colour interſperſed with many black 
ſpots ; beſides which, the two larger legs are 
marbled as it were with ſome white furrows 6. 

But the moſt remarkable thing in theſe legs, is 
their being all thick ſet with a prodigious number 
of particles like flattiſh but hollow globules, and 
each fixed to a kind of ſtalk ccc; Yet the extre- 
mities of the arms or claws, to which authors 
have given the name of Promuſcides, are ſtill 
more largely furniſhed with theſe kind of tubercles. 
Theſe brachia or arms are very long, if compared 
with the legs, and they are placed near the bill 
or beak, in the midway between the broadeſt 
pair of legs, and the pair next to it dd, They are 
of a cylindrical figure, and of a white colour inter- 
mixed with black and purple ſpots. The ſub- 
ſtance of them, as well as that of the xx legs, is 
ſoft; and they have the ſame kind of ſkin, but it 
covers them all over, which is more than it does 
in the legs. The extremities of the legs and 
arms are pretty much of the ſame form, only 
that the tubercles of the arms are larger, and the 
ſtalks upon which theſe tubercles grow much 
longer and ſtronger than thoſe of the legs e. The 
extremity of one of the arms is always larger than 
that of the other. | 

As theſe globules are hollow, authors have 
thought proper to call them Acetabula or ſawcers. 


Rondoletius tells us, that this ſtrange fiſh can 


faſten itſelf by its arms to any body it meets with, 
in the ſame manner as cupping-glaſſes ſtick to the 


ſkin by a kind of ſuction. And certainly this is 


a very juſt compariſon, as appears from the moſt 
wonderful contrivance of theſe parts, which I 
ſhall preſently deſcribe. 

It is to be remarked, that the ſame kind of 
ſkin which covers the under ſurface of this ani- 
mal's eight fret, does not extend to the upper; it 


The Sepia or Cuttle-fiſh is one of the animals of the ſixth claſs in the Linnzan ſyſtem, which he entitles Vermes : it comes un- 
der the ſecond order, to which he has given the name Zoophyta, and is arranged with the Star-fiſh and Polype. The characters of 
the genus are theſe ; the body is oblong and depreſſed, the feelers or tentacula are ten, and two of theſe are much longer than the 
others, and have a kind of foot-ſtalks. Beſide the Cuttle-fiſh, this genus comprehends the Loligo, which the French call the Cala- 
marie, and the Octope li deſcribed in the Upſal- tranſactions. Of the Calamary we ſhall have occaſion to ſpeak largely hereafter. 
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goes 
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goes no further than the globules fff, and there 
it forms a looſe border to the feet, which when 
the creature ſwims, floats in the water. For this 
rcaſon, that looſe ſkin can cover all the ſurface of 
the feet, and their acetabula at the creature's plea- 
ſure, as the edges and corners of a cloth, may 
fold over any thing that is laid upon it. Nor is it 
to the middle and baſis of the legs only that it 
performs this office, but even to their ſharp ends, 
where the acetabula gg are ſmaller than in any 
other part. But theſe borders are more conſpi- 
cuous about the extremities of the arms than elſe- 
where; for which reaſon I have repreſented thoſe 
belonging to one of the arms bb, as they appear 
when they cover the globules, except its being a 
little turned back. 3h 

T be ſkin which ſpreads itſelf over the intervals 
of the globules, and covers the inſide of their 
{talks, and even the external ſkin's borders which I 
juſt now mentioned, is in ſome meaſure as it were 
muſcular, and is of a much more delicate texture 
than the other skin. It muſt likewiſe be obſerved 
that the parts ſupporting the acetabula tho' called 
ſtalks, are not really ſuch, but pretty conſpicuous 
muſcles adminiſtring to the acetabula, 

] have obſerved alſo, that theſe little muſcles 
are here and there diſtributed over the inſide of 
the borders of the external, ſo as to be able to 
move thoſe parts as well as the acetabula. For 
this reaſon I conſider what is called the skin in 
theſe places as a muſcular ſubſtance. 

I have repreſented ſome of the muſcles belong- 
ing to the acetabula of their natural ſize, in order to 
give the reader a more juſt jdea of them. Tab. L. 
Fig. 11. No. 1. ſhews, how the muſcle is in- 
ſerted underneath into the baſe of the globule, 


where it is ſomewhat hollow; and how by ex- 


panding itſelf, and then contracting again a little, 


and afterwards expanding itſelf again, it in a 


manner entirely forms the globule. For as far 
as I could inform myſelf by diſſection, the aceta- 
bula are altogether muſcular, and the tendons of 
thoſe muſcles are inſerted into a ring of a ſub- 
ſtance between horn and bone, which lies be- 
tween the moving fibres of every acetabulum. 

It appears, on examining the upper fide of the 
acetabulum, and the ſtructure of its hollow, 
No, 2. that it is likewiſe muſcular in theſe 
places ; the little ring now mentioned ſhews it- 
jelf very plainly on this occaſion. The upper 
edge of this ring is generally black, but this black- 
nels is only ſuperficial, being no more than a 
portion of the external coat of the globule, and 
therefore it may be eaſily removed. 

By taking out this ring, and placing it on its 
ſide, No. 3. we obtain a good view of its conſtruc- 
tion, and the blackneſs of its upper edge ; we 
even diſcover by placing it in this ſituation, in 
what manner it is perforated in the middle, and 
its upper and lower edges waved in a ſerpentine 
manner. 
tor receiving and holding the muſclar fibres, 
wonderfully contributes to keep the ring firm in 
its ſituation, 

The better to ſhew the black edge of this 
ring, and the manner in which it is turned, I 
have repreſented it, No. 4. in a convenient ſituation 


* 


This conſtruction, ſo well contrived - 


** 
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to ſhew all its upper circumferences: and have 
added a ſmall ſegment of it, NC. 5. to make the 
conſtruction of this part as intelligible as I poſſi- 
bly could ; for it would be extremely difficult to 
underſtand the uſe of this ring, without knowing 
exactly in what manner it is formed, 

The advantage of this ſingular conſtruction 
conſiſts in this, that the muſcular fibres of the 
acetabulum can by contracting themſelves raiſe 
the ſtalk or muſcle of the globule very high 
within the cavity of the ring, and thereby of 
courſe ſtreighten the cavity of the acetabu- 
lum, whilſt on the other hand the muſcle of 
the ſtalk, by exerting itſelf at the ſame time, again 
raiſes itſelf and its fibrous parts out of the globule, 
ſo as to make its cavity much wider and more 
ſpacious than it was before. | 

Nor do I in the leaſt doubt, but all the Cuttle- 
fiſh's power of faſtening itſelf to bodies, or taking 
hold of, and conveying any thing to its mouth, 
depends entirely on the ſingular conſtruction, and 
exertion of the part juſt now deſcribed. When- - 
ever this ſtrange animal applies to any body that 
prodigious number of globules, with which its 
arms and legs are furniſhed, and then immediately 
withdraws the muſcular ſtalks of theſe globules, 
from within the hollows of the acetabula, taking 
care at the ſame time, not to let any water into 
theſe cavities, the water repelled in this manner 
muſt preſs ſuch parts againſt the body, againſt 
which they lie, with an extraordinary force: 
And this end is the more certainly obtained, as 
the borders of the ſkin which covers the arms and 
legs are likewiſe muſcular ; and by containing and 
encloſing the globules at the time of their action, 
contribute greatly to hinder any water from in- 
Is itlelf within the cavities of the aceta- 

ula. | | 

We muſt therefore be more than blind, not 
to diſcover by this ſingle inſtance, how wonder- 
ful God is in his works, ſeeing he has here effec- 
ted, by means of repelled water, ſuch a ſuction (to 
make uſe ofa common expreſſion) as he has pro- 
duced by means of repelled air in the vital ele- 
ment we breathe. Hence alſo we may eaſily un- 
deritand, what Rondoletius ſays of the brachia or 
arms of this animal ; and of the manner wherein 
It remains 1n the moſt ſtormy weather immove- 
ably fixed, and as it were at anchor at the bottom 
of the ſea ; for at ſuch times no doubt it dilates 
Its acetabulum to the utmoſt breadth, and faſtens 
itſelf in its poſt, by their means with an extraordi- 
nary degree of power, 

The beak, Tab, L. Fig. 1 f, which lies in the 
center of the legs, is like that of a Parrot, and con- 
fiſts as it were of two maxillæ or jaws, both move- 
able. 'Theſe maxillæ join each other in the ſame 
manner with the body and the lid of a box, when 
the former ſlides up within the latter. The fleſh 
which ſurrounds this beak, inſtead of lips &, is re- 
gularly orbiculated and ſometimes appears plaited 
or folded back in wrinkles, like a purſe that has a 
border to it. 

Under the beak and legs appears the head, in 
which the eyes I are very conſpicuous. The moſt 
remarkable part of theſe is the cornea, which lies 


upon 
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upon them ſo looſely, that ĩt may in a manner be 
moved backwards and forwards like the mem- 
brana nictitans or winking membrane in birds. The 
operculum mm of the pupil, makes its appear- 
ance very elegantly thro the cornea, which is 
tranſparent: but this operculum does not ap- 

any where to ſo much advantage as in the 
Ray-fiſh, as Stento has moſt exactly deſcribed 
it. I have likewiſe diſcovered this operculum 
of a black colour in the eyes of horſes; at one 
fide of the eye, the pupil projects a little, nor is 
it exactly round in this place. On drawing this 
operculum over the pupil, the eye loſes its fight. 
Some time ago, I obſerved that the crocodile has 
a cat's eye, having an apetture to its pupil, which 
in the day-time reſembles a long flit. 

The Cuttle-fiſh's neck is very ſhort, and like 
the head is elegantly covered with black ſpots 
upon a purple ground, The upper extremity of 
the back 7 riſes by a remarkable proceſs over the 
neck; ſo that the creature can hide its head un- 
der it, in the ſame manner that the naked Snail 
hides its head under its verge or border, 

All the parts of the Cuttle-fiſh, yet mentioned, 
are ſoft, except the beak, -and the cartilaginous 
rings of the acetabula. But the back is hard, 
firm, and incapable of motion, as the bone of 
the creature lies here, running quite thro' the 
back to the tail, without any vertebtæ or like 
diviſions. The muſcles of the creature are in- 
ſerted into this bone. That part of the body 
which lies at the two ſides of the bone, is ſoft 
and muſcular oo 00, which makes it probable, 
that this extremity, which terminates the back 
and belly of the Cuttle- fiſn, may be of great uſe 
to it in ſwimming. The back-bone alſo is well 
contrived to anſwer the ſame purpoſe, for it floats 
on the ſurface of water, even when it is juſt taken 
out of the ſea, and before it has had time to loſe 
by drying any of thoſe pieces, which may be 
ſuppoſed to make a conſiderable part of its 
weight. | 
he colouring of the back afforded a very en- 
tertaining fight, for its ſurface was raiſed with a 
great many White ſtreaks and furrows like fo 
many veins interſperſed with very ſmall black 
ſpots ; but between theſe ſtreaks the ſkin was of 
a deeper colour, and marked with larger black 
ſpots. Where the ſtreaks ended, there appeared 
a great number of white ſpots, which were either 
round or oval, even the extremities of the ſtreaks 
were either round, or ſhaped like a pear. The ſoft 
margin of the body was of a ſomewhat deeper 
purple, ſprinkled with ſmaller black ſpots, and 
ſome others that were round and white ; but it 
then grew whiter towards its extremity, where 
it ended in a deep purple edge. On the hinder 
part, where in other animals are ſeated the arms 
and tail, the margin was ſomewhat divided or 
dented in, p; ſo that from this nick, the body of 
the Cuttle-fiſh appeared naturally divided into a 
right and left fide. 

On handling the beak a little, it fell from the 
head, which gave me a very convenient oppor- 
tunity of examining its ſubſtance, colcur, and 
conſtruction. The ſabſtance of this part is be- 
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tween bone and horn, and thicker and more 
compact on its upper part, with which the ani- 


mal bites, but on the lower, to which the muſcles 


of the beak are fixed, more tendinous and mem- 
branaceous. In figure it reſembles the Hawk's or 
Parrot's beak, and has many things in common 
with it. The upper part, which, as 1 ſaid before, 
in the thickeſt, is of a deep brown colour, which 
grows redder and redder in proportion as the 
beak grows more and more membranaceous. 
But as the beak conſiſts of two maxillæ or jaws, an 
upper and a lower, which meet together, and 
move one ypon and towards the other, ſo like- 


wiſe they differ in conſtruction. The lower part 
ſpreads as it were into two wings Fig. 111. aa, 


between which the upper part ſinks, and ſo meets 
this lower. The lower maxilla, or jaw, is on its 


hinder part folded back within itſelf 4b, not un- 


like a paper tube bent back, by which means its 
ſharp extremity becomes twice as thick and 
ſtrong as it would otherwiſe be. On the lower 
part it bends itſelf back, ſo as to form. a hollow 
furrow c, This beak appears altogether fibrous, 
and ſeems to be compoſed of membranaceous 
tendons, hardened by degrees into a horny 
bone. The upper jaw of the beak 4, is of 
the ſame ſubſtance with the lower, from 
which it only differs in its curvature and form ; 
beſides, its internal ſinus is much more deep and 
broad e e, to afford the tongue, which lies in 
this ſinus, the greater liberty to move itſelf, The 
muſcles alſo find better inſertions in the hollow 
ſinuſes of this horny bone, in whoſe membranace- 
ous expanſions they are fixed, 

The tongue, which is thought to be a fungous 
ſubſtance, conſiſts of ſeven little cartilaginous 
bones, which lie very cloſe to each other, and 
are beſides united by means of a particular mem- 
brane. The upper extremity or point of the 
tongue is ſomewhat crooked Fig. Iv. a, but the 
lower part is united with ſome muſcular and 
fungous fleſh, in which it lies, as in a hollow 


tu This fleſhy portion of the tongue is full 
of % 


kles and elegant folds &, which ſeem to 
contain a great many ſmall ſalival ducts. I have 
found by diſſection that a very conſiderable falival 
duct e opens and diſcharges into this fleſhy part. 

This ſalival duct deſcends by a long tube, 4, 
through the animal's neck into its breaſt, where 
it divides into two branches, that terminate in 
two very conſiderable glands, ee. Theſe glands 
ſeem, on nice inſpe*tion, to be of the kind 
called conglobate, or by anatomiſts, though ex- 
ternally, they appear of the other kind, known 
by the name of conglomerate. On opening 
them, I found a kind of hollow in them, made 
to receive the ſaliva, ſecreted by their fungous 
ſubſtance ; but I could not diſcern the ramifica- 
tions of theſe two parts, which, no doubt, ſpread 
themſelves through the parenchyma or fleſhy 
ſubſtance of their glandules; but the coloured 
liquors I injected, ſhewed no ſuch thing. Theſe 


g'ands lie within the breaſt, on each fide of 


the gullet or throat, in ſuch a manner, that this 
laſt channel runs above and between them ; this 
beſt appears on opening the body of the fiſh, af- 
ter 
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ter turning it upon his back. The tongue and 
* it, hen taken out of the 

ak, generally bting along with them ſome of 
the muſcles, two of which, / I have here 
given # cat of, But I return to the tongue. 
The contraction of the tongue, which, as I 
have faid, conſiſts of ſeven cartilaginous bones, 
becomes very viſible on parting it from the fun- 
gous fleſh to which it is faſtened, and in which it 
is wrapped up; but it may be made ſtil] more 
conſpicuous, by drawing off the membrane, Fig. 
v. 2, with which the inferior part of the tongue 
is covered, and afterwards ſeparating from each 
Sther with a fine knife, at the extremities, the 
little cartilaginous bones, of which it confiſts, ö. 
After treating the tongue in this manner, we may 
ſee by the microſcope, that every one of theſe 
bones is furniſhed with above fixty crooked car- 
tilaginous papille, Fig. v1. @, in form of teeth, 
and in ſome meaſure reſembling the papillæ on 
the tongues of black cattle. By theſe the Cuttle- 
Fiſh, when ſeeding, is the better enabled to 
move its food, and diſpoſe it for an eaſy ſwal- 
lowing. The fore-part of theſe papillz, is of a 
clear and tranſparent amber colour, but the hin- 
der-part, which conſtitutes the baſe, or root of 
the tongue, is of a tranſparent white. The beſt 
way to examine the tongue, is to invert it, and 
then ſurvey it with a microſcope on the under or 
lower fide, where its bafe or root lies; for, by this 
means, we diſcover, that in ſtructure it exactly re- 
ſembles the moſt regular web, Fig. vii. 44, from 
the frame, or combination of the cartilaginous 
bones already deſcribed. The ſight of this ad- 
mirable contrivance, induced me to take out the 
tongue and dry it; but all its beauties vaniſhed 
almoſt entirely in the operation. 

The body of the Cuttle-Fiſh, when laid on 
its back, appears much whiter, and has by far 
fewer ſpots. But the moſt remarkable thing in 
this animal, is an opening in this under part of its 
body, in which an expanded hand may be entirely 
buried: this is between the body and the muſ- 
cular partition that covers it on its fore-part. 

On opening this lower part of the body, Tab. 
LI. Fig. 1. 4 a, in a right line through the middle 
of the belly, 55, from the beginning of the 
breaſt to the tail, e, and this without injuring the 
contents ; there immediately appear ſeveral re- 
markable internal parts, ſome quite plain and 
naked, and others appear more Andy. as lying 
deeper in the breaſt and belly, and only ſhew- 
ing themſelves through ſome interpoſing tran- 


ſparent membranes. 


The firſt thing which preſents itſelf here, is a 
bag or bladder lying in the ſuperior region of the 
breaſt, which I call the common excretory 
bag, or bladder. The colour of this part is 
white, its ſubſtance is muſcular, and its ſhape is 
like that of an inverted funnel, very fpacious and 
broad at the bottom, d, and fender at top, e, it 
joins on each ſide with two oval cartilaginous, 
muſcular and hollow little bodies, ff, which 


ferve to receive theſe two greater papilke, or car- 


tilaginous eminencies, g g, which I have repre- 


| fented, one on each fide of the muſcular partition, 
looſely ſurrounding the contents of the belly, and 


* 


cut away by me upon this occaſion: By this 


junction of the excretory bladder, and thelgoval 


bodies, it is provided, that nothing ſhould move 
ſoon, or be diſcharged bythe inferior parts of the 
body, wichout paſſing through this "excretory 
bag; and the fame wiſe diſpoſition of theſe parts, 
keeps the Fiſh's eyes from being injured by the 
excrements, ſperm, eggs, and black liquor, 
which all make their way through this funnel, as 
they certainly would, if theſe diſcharges were to 
be made between the funnel, and the muſcular 
partition of the body: for this reaſon allo, nature 
has formed this bag or bladder of a muſcular 


ſubſtance, the better to diſcharge its contents at 


the creature's pleaſure. of "265.9 

As yet, I cannot ſay for certain, whether or 
no the papillz juſt ſpoken of, are naturally and 
conſtantly united with the oval acetabula, which 
I have deſcribed; for I have ſometimes found 
them independent and disjoined. But as I could 
never find in theſe parts, the leaſt mark of any 
rupture or fraction, the acetabula, on the con- 
trary, always appearing quite ſmooth, and the 
papillz of a bright poliſh ; I think it very pro- 
bable, that the Cuttle-Fiſh has a power allowed 
it by nature of joining and ſeparating theſe 
parts, as neceſſity requires. | 

The office of thus joining and ſeparating theſe 
parts, I am inclined to attribute to a pair of com- 
pact, oblong, white mulcles, Fig. 1. þ h, which at 
their upper extremities unite with the acetabula, 
and are contained within the lower edge of the 
excretory bag or bladder. Theſe muſcles are 
among the parts, which appear naked in the 
breaſt, without any previous diſſection. Nor do 
I ſec any uſe they can be of except that which 
I have aſſigned them, of joining and ſeparating 
the acetabula, and the papillz, by doing which, 
the excretory bag or bladder is at the ſame 
time dilated, fo as to facilitate the difcharge of 
its contents through the funnel already men- 
tioned, 

Hence, it is impoſſible to thruſt all the hand 
in the manner beforementioned, into the Cuttle- 
Fiſh's body, without firſt ſeparating the papille 
from their acetabula. 

On opening this excretory part, it appears 
compact and muſcular, and . withinfde, on 
its lower part where it joins the breaſt, a kind of 
lobe in the thape of a broad tongue, 

The other parts that appear in this place, with- 
out further diſſection, are the gills, fi, of a ſoſt 
ſpungy ſubſtance, placed on the two fides of the 
body, and forming a very agreeable appearance, 
on account of the extreme whiteneſs of a great 
number of blood-veſſels, with which they arc 
provided; and the colour of theſe veſſels is 
greatly heightened by the greeniſh hue of the 
gills through which they ran. 

Examining one of theſe gills, I found in only 
half of it more than forty diviſions or ramifica- 
tions of the greater blood-veficls ; that is more 
than eighty to a fide. But if we conſider alſo 
the prodigious number of theſe ramifications, 
which penetrate into the ſubſtance of the gills, 
Fig. I. &, where the muſcles adminiſtring to 
theſe parts likewiſe run, we ſhall have reaſon to 

think 
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think the number of theſe 
infinite. - 4 1600; {nat 3-415 £ eat, 
Words cannot do juſtice: to the contrivance, 
order, invention, and moſt elegant conſtruction 
of theſe parts; ſo that my figures deſerve only to 
be conſidered as the faint ſhadows of their ou 
fection. The gills are membranaceous under- 
neath, near the roots, where they end in a flen- 
der ſtalk, as it were, and are r, as ap- 

rs, by a ſtrong ligament, //, though 
— yet, 1 — ſure bn this. ligament itfelf, 
may be compoſed of blood-veſicls, not having 
had ſubjects enough to examine theſe parts ſo 
much as they deſerved. On opening the divi- 
fions of the gills, this ligament makes a pretty 
appearance ; at the ſame time, that we may diſ- 
cover how theſe parts grow more and more ſlen- 
der towards their roots, m. 

Indeed the conſtruction of the gills is more ap- 
parent in other kinds of fiſh, hoſe blood is red; 
for in ſome we meet with cartilages, and in others 
real bones, over whoſe ſurface the blood veflels 
are diſtributed, This circumſtance I formerly 
moſt evidently diſcovered in the Sturgeon, the 
Whiting, and other fiſhes, by injecting their 
blood veſſels according to a methad peculiar to 
myſelf, and of my own invention, This I 
could diſcover, and I ſaw it with the greateſt 
aſtoniſhment, that the contrivance, ſtructure, and 
order diſplayed in "theſe parts by the ſupreme 
Architect, and diſcoverable by thoſe who love to 
contemplate Him in his works, were infinite in 
perfection and number, as I ſhall hereafter en- 
deavour to prove by deſcribing and delineating 
ſome of them by way of ſpecimen of the reſt. In 
the mean time, I can ſhew the curious the parts 
themſelves injected by me with wax of ſeveral dif- 
ferent colours. 

In that part of the Cuttle-fiſh's body, which 
I conſider as the thorax, there is a protube- 
rance, Tab. LI. Fig. 1. n, by naturaliſts called 
mutis. Upon this part there is always found 
lying an open pipe, quite looſe, ſo as not to 
be confined to any one place o, but floating 
freely in the body. This pipe is, properly 
ſpeaking, the animal's rectum, or ſtraight gut. 
It has alſo a remarkable aperture at its end, by 
which the fiſh diſcharges its inky liquor from 
the bag contrived by nature to contain it. This 
bag lies in the lower region of the belly, where 
it ſhews itſelf thro' the tranſparent interpoſing 
parts p. Near the lower part of the ſtraight gut 
there are two more ſhort, open- mouthed tubu- 
lar channels 99, for the diſcharge of the ſe- 
minal matter, the veſſels of which lie under 
theſe channels, with an'extuberant membrane 
between them v. Lower down in the ſto- 
mach s, and under the ſtomach, a certain lit- 
tle particle or body 7, belonging to the ſper- 
matick veſſels, ſhews itſelf thro' the tranſpa- 
rent parts that lie over it. 

In that part of the body where the extremi- 
ty of the ſtraight gutfloats looſely on the right, 
there is on the left another looſely-floating tu- 
bular aperture u, thro which the teſticle itſelf 
diſcharges its ſperm, which is afterwards to 
be carried off into the water, thro'. the com- 
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mon excretory duct. This teſticle is placed 
with its vas deferens, on the left fide under the 
gills æ, and ſhews itſelf faintly without diſſect- 
ing the parts that cover it. nch rt t 

It 48 now time to give a more complete enu - 
meration of all the hitherto mentioned, 
with a fuller deſcription of them; and the fi- 
gures will make it ſtill more intelligible : this 
I ſhall do, after having firſt taken- ſome notice 
of the parts of the Cuttle-fiſh belonging to its 
head, which lies upon the back; It is here 
that we ſec its beak, and the muſcular circum- 
ference of its mouth a, which 1 have here re- 
preſented a little leſs than nature; but in every 
thing elſe perfectly agreeable to the life. But, 
not to make my drawings too large, I have taken 
the liberty of curtailing the legs, and the two 
arms in this figure 82, which I have exhibited 
in their natural ſituation and poſture. - I have 
likewiſe taken great care to ſhew exactly in what 
order the acctabula are placed on the two fore- 
legs, when the muſcles of theſe. acetabula are 
contracted ; for it is an eaſy matter to procure a 
ſight of them in this ſtate, even in a dead fiſh. 
This is done by cutting ſome of them off, 
with part of the leg to which they belong, 
and then dipping the whole in boiling water; 
for in leſs than a minute they become perfectly 
contracted. dh. pd 

I likewiſe give a drawing of theſe muſcles 
with their acetabula, as they appeared at the 
extremity of one of the arms, which I had 
ſtripped of its internal ſkin ; fo that their in- 
ſertion and conſtruction, Tab. LI, Fig. 11, a, 
may, by this means be very diſtinctly ſeen, as 
likewiſe the order in which the acetabula them- 
ſelves are united with their muſcles 6. It like- 
wiſe appears by this figure, that both the aceta- 
bula and their muſcles, are much larger about 
the middle of the arms than at either of their 
extremities c. : 

I have thought proper to repreſent in a ſeg- 
ment of one of the larger legs, that lie over the 
head, Fig. I. , the internal ſtructure of the legs 
themſelves. Their texture on the outſide is 
fibrous and muſcular ; but within- ſide it is a 
little more fungous. In the middle of them 
there appeared ſomething that I took for a 
blood-veſſel, and I have here repreſented by a 
black dot 9. | 

To take a ſurvey of the Cuttle-fiſh's inſide, 
it is neceſſary to cut away the common ex- 
cretory duct, and the muſcles which move its 
two acetabula, and then very cautiouſly to open 
that part which 1 call the thorax, and raiſe 
from it its membranaceous covering. This 
done, there appears the looſe fungous body, 
called mutis by naturaliſts, and thought by 
them to have a great reſemblance to the liver. 
I have always found this mutis regularly di- 
divided into very diftin& parts. The upper 
part is very thick, and with gentle treatment 
it may on each {fide be eafily parted into two 
lobes, Fig. III. a. Otherwiſe, on wounding 
the coat that inveſts it, its ſubſtance readily 
flows off, being exceeding ſoft, and like a liver 
bruiſed by an anatomiſt, in order to extract its 
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parenchyma, or pulpy ſubſtance. In the mid- 
dle this mutis is very thick and ſpungy, and at 
its lower extremity conſtantly ends on each ſide 
in an obtuſe appendage bb, which extends to 
the belly. The upper 
in part on the throat, which lies itſelt alſo on 
the falival glands, Fig. V. 3, and thus runs 
under the mutis to the ſtomach. Under the 
throat appears the great artery, which riſing 
upwards from the abdomen (where this ani- 
mal's heart lies) ſends to the mutis two conſi- 
derable branches, Fig. III. ce, that iſſue from 
thence, as if they deſcended from the thorax. 


The greateſt part of this body lies upon the bone 


of the fiſh; on each fide of the bone, and of 
the great artery, and it is only divided from 
the bone by a kind of fibrous membrane. 

After this, the courſe of the blood-veſſels 
running thro' the mutis, is diſcovered by open- 
ing and turning over, Fig. III. d, the mem- 
brane that encloſes it. But the ſubſtance of 
this part is ſo very ſoft, that by expanding it- 
ſelf like a liquid, it intirely hinders the view. 
This makes it neceſſary to ſeparate with a ſpa- 
tula this pulp from the veſlels that go thro' it, 
and afterwards thoroughly waſh the veſſels 
themſelves with water. Thus, at length, a 
ſatisfactory fight may be obtained of the diſtri- 
butioa of the blood-veſſels, Fig. IV. e. By this 
proceſs we likewiſe diſcover that the ſubſtance 
of this part is in a manner entirely compoſed 
of an infinite number of little grains, being 
looſely connected with the blood-veſlels 7; 
but then a good microſcope is requiſite to 
diſtinguiſh theſe ſmall corpuſcles. The colour 
of the mutis is between red and yellow, ſome- 
what inclining to a brown. I cannot deter- 
mine what the uſe of it may be; it lies en- 
tirely by itſelf, within a peculiar membrane, 
and conſiſts of two diſtin bodies, without 
having the leaſt reſemblance to the liver, as 
heretofore idly pretended. Nevertheleſs, I can- 
not take upon me to deny its performing the 
ſame office with the liver, as the wonders of 
nature are inexhauſtible, and God the maſter 
of nature has, in different animals, formed in 
a various manner organs ſubſervient to the 
ſame purpoſes ; this will evidently appear by 
the ſurpriſing ſtructure of the genital parts of 
this animal, which are contrived with an art 
and elegance that ſurpaſſes all deſcription. 

The throat, as I ſaid before, runs under the 
mutis, and has its origin in the ſame place 
nearly where the fauces terminate. By the 
fauces, I mean that wrinkled and muſcular 
part of the ſkin, which reaches from the beak 
and mouth, Fig. V. a, to the beginning of the 
gullet, or that tube which runs from the 
mouth to the ſtomach. This gullet paſſes 
under the brain, and then deſcending into 
that part of the body, which I call the 
thorax, it there lies ſoftly upon the ſalival 
glands bb, and is connected with the two al- 
ready taken notice of ; from whence it runs in 
a ſtraight line to the abdomen, where it opens 
into the ſtomach c. The ſtomach reſembles 
in a manner a ſpherical bag ; but it is ſome- 


end of this organ lies 
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what indented in the middle. Thete run 


thro! it a great many blood-veſlels 4, Which 


are ſeen the better by ing the artetics 
with ſome coloured liquid. This organ con- 
fiſts of three coats; the external coat is mem 
branaceous ; the middle coat muſcular; and, as 
to the internal coat, it readily ſeparates from the 
middle coat with the food it immediately en- 
cloſes, and fo may be eaſily taken out of the 
ſtomach with all its content. 

The Cuttle-fiſh, I could obſerve, feeds upon 
Shrimps; for there remained in its ſtomach 
the eyes, legs, and tails of Shrimps, with ſome 
of the rings of their bodies. I could diſcern al- 
among theſe, remains of the back- bones and 
ribs of ſome very ſmall fiſnes. 
The ſtraight gut, Fig. V. e, iſſues immediate- 
ly from the ſtomach, and is the only inteſtine 
1 could diſcover in this animal; ſo that the 
veins muſt take the aliment immediately from 
the ſtomach, and then convey it to the heart, 
whoſe buſineſs it is to diſtribute it over the 
whole body. | | | 

Under the ſtraight gut lies an appendage of 
the ſtomach, into which it opens by a parti- 
cular orifice, after twiſting like a ſnail in a 
very remarkable manner f. I cannot ſay for 
certain what this part may be; tho' to judge 
anatomically of it, 1 ſhould take it for the pan- 
creas, which, except its not being twiſted, ap- 
pears of the ſame conſtruction in a great va- 
riety of fiſhes, as may be ſcen in a treatiſe of 
mine on that part of the creation, adorned with 
figures, printed by Commelyn of Amſterdam, 
and dedicated to the College of Phyſicians of 
that city. This organ is very ſmooth and 
ſlippery on its inſide, and contains a matter 
like the pancreatick juice of other fiſhes. 

The white bag which contains the Cuttle- 
fiſh's ink g, lies principally in the left fide of the 
body, and communicates by a ſlender channel 
with the upper extremity of the ſtraight gut Y; 
ſo that both the feces and the ink are diſcharg- 
ed thro' the ſtraight gut by one and the ſame 
orifice. This bag is in part membranaceous, 
and in part muſcular; and is furniſhed with 
blood-veſſels, which run over its ſurface 7. 
Within I diſcovered a little glandulous body, 
or maſs, which perhaps ſerves to generate or 
prepare the ink ; for I had not opportunity to 
examine it thoroughly, on account of the ink's 
flowing ſo conſpicuouſly, that it was impoſlible 
to waſh it off faſt enough to obtain a ſatisfac- 
tory view of this organ. 

It is therefore neceſfary not to wound this 
part on diſſecting the Cuttle-tiſh, as by pour- 
ing out its contents it would infallibly render 
all the other parts inviſible. The ink contained 
in one bag is ſufficient to communicate a black- 
neſs to ſeveral pails of water, ſo intenſe is its 
colour. I ſhall not pretend to ſay abſolutely 
what the uſe of this ink may be; or whether 
or no it may ſerve to obſcure the ſurround- 
ing waters, and thereby ſecure this animal 
from. other fiſhes which would devour it ; for, 
as yet, I have had no experience in this matter, 
But it is certain that the Cuttle- fiſhes I found 
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dead on the ſea-ſhore contained a greater quan- 
tity: of this ink than thoſe which were brought 
to me alive. The liquid is infipid to the taſte; 
without the leaſt ſowerneſs or bitterneſs; ſo 
that I cannot ſee how this infipid ſubſtance, by 
being boiled with the Cuttle-fiſh; can in the 
leaſt contribute to give it an extraordinary re- 
liſh, as thoſe pretend who feed upon it; tho 
the moſt general manner of uſing this fiſh, is 
barely to give it a drying in the open air. 

The ink taken out of its bag, and poured 
into a glaſs coagulates and grows hard in a few 
days, when it ſeparates into a great many little 
pieces, which, ground upon a ſtone, afford the 
moſt elegant black paint. This convinces me 
that the Indians prepare their ink with nothing 
but this juice. I have even obſerved that this 
ſubſtance, while in a liquid form, ſtruck fo 
ſtrong a black, that no waſhing could get it 
out; as particularly appeared in a black coat 
made of a flight dutch cloth, which had ſome 
yellow ſtains from aqua fortis: near the ſto- 
mach, and between the folds of the pancreas, 
there lies a glandulous body, which runs to the 
throat, Tab. LI. Fig. V. 44; butIam as much 
in the dark, as to its uſe as to that of the ink- 
bag ; tho' I think it belongs to the organs of 
generation, which I ſhall hereafter take notice 
of, having firſt deſcribed the heart, brain, and 
nerves ; and likewiſe ſaid ſomething of this 
creature in particular. 

The heart of the Cuttle-fiſh, contrary to 
what we obſerve in moſt other animals, lies in 
the abdomen, Tab. LII. Fig. 1. 4. It is of an 
oblong triangular form, and in colour very like 
a muſcle that has ncerly loſt all its blood. Its 
external ſurface is tolerably ſmooth and even, 
and its internal one fibrous, and divided into 
little hollows, and prominent columns. I 
could diſcover but one ventricle in this organ. 

The Cuttle-fiſh's heart has two auricles ; 
for as the gills in this animal are placed on 
each ſide of the body, and at a great diſtance 
aſunder, nature it ſeems, has thought pro- 
per that, inſtead of one, this fiſh ſhould have 
two auricles 6b, which I have here repreſented, 
as they appeared on ſeparating them from the 
blood-veſſels of the gills cc. They are of a 
membranaceous texture, and, when blown up, 
are of the ſame figure exactly with the deſign 
I give of them. I have no more at preſent to 


ſay of theſe parts; for they had almoſt eſcaped 


my notice when I happened to diſcover them ; 
ſo that to acquire a thorough knowledge of 
them, I ſhould have had more ſubjects; which 
are not to be obtained without great trouble 
and expence, on account of the brutality and 


avarice of the fiſhermen, who ſell the produce 


of their hardeſt labours for nothing in a man- 
ner, whilſt they fix an extravagant price on 
ſuch things as come in their way without their 


being at the pains to look for them. In the 


mean time I muſt obſerve, that this fiſh's heart 
having but-one ventricle, at the ſame time that 
it has two auricles in common with other ani- 
mals, is altogether ſingular, and may well de- 
ſerve to be conſidered as a paradox, The blood 
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of the Cuttle-fiſh' is white, which is all I can 
ſay of it, as I never examined it tho'I had 
reſolved to ſave ſome of it in a glaſs tube for 
microſcopical inſpection, and in order to find out 
its analogy to the red blood of other animals: 
The great artery, which firſt riſes from the 
heart d, is of the ſame conſtruction with that 
of fiſn; but it grows ſomewhat ſmaller in its 
courſe, and ſends forth two pretty conſider- 
able branches, which immediately difpatch 
leſs ones ee to the mutis, whilſt the others 
run to the muſcular parts of the reſt of the 
body; ſo that ſome of theſe ramiflcations are 
ſeen plainly thro' the tranſparent ſkin under 
the two muſcles, which move the acetabula of 


the common excretory duct, Tab, LI: Fig. 1. 


y; from whence they extend to the gills and 
ſeveral other parts. After this the artery 
formed into one trunk, ſtretches to the baſe 
of the brain, Tab. LII. Fig. 1. f, where it 
divides into various branches, ſome of which 
run thro' the cattilages, that encloſe the brains 
in place of a ſkull, whilſt the reſt diſtribute 
themſelves to the legs and other parts of the 
body. But it is yet unknown what is the 
courſe of the veins in this creature, and 
whether it has like fiſhes a firſt and ſecond ar- 
tery, theſe are things I have not yet been able 
to diſcover ; neither can I tell for certain, whe- 
ther or not the two veſſels ſpringing from the 
lower region of the heart itſelf gg, and here 
molt exactly repreſented by me after life, are 
really veins, as I think they are. But all theſe 
doubts may be cleared up by repeated diſ- 
ſections. | 
The brain of theCuttle-fiſh is very ſmall, and 

is plainly divided into a right and left portion, 
Fig. 11. 4 To ſee this conveniently, it is proper to 
turn the animal on it's belly, then open its head, 
and cut away with a very ſharp knife the car- 
tilages that contain the brain, uſing great cau- 
tion for fear of injuring the nerves which iſſue 
from it. The brain lies on the back part of the 
head, in a manner entirely buried in fat, which 
I have here for diſtinction ſake repreſented by 
dots 5. It is no eaſy matter to feparate this 
fat on every fide without hurting the brain on 
account of it's exceeding ſoft and delicate 
texture. The optick nerves cc are likewiſe at 
their origin ſurrounded with fat; but in their 
progreſs, after running thro' the cartilages of 
the brain, they dilate into a conſiderable 
knot 4d, which ſeparating into two tubercles, 
as it were, ſends thence towards the eyes a 
you number of nerves eeee, as I have en- 
eavoured to repreſent them one fide. This 
numerous body of nerves is interſected bya con- 
_ blood-veſſel f, before they can reach 
e choroide tunic, or coat of the eye; which is 
remarkable for its great variety of beautiful co- 
lours ; and is ſo inveſted with theſe little fibres, 
which embrace and ſurround the eye on every 
fide g, and have a great ſhare in compoſing 
it, that this uſeful organ muſt receive great 
ſtrength from ſuch an acceſſion: About the 
upper region of the eye, where the iris ſhews 
itſelf in * animals, this coat forms in this 
0 | > 
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a globular prominence b, from which a cryſtalline 
lens partly projects i. I ang 
I have thought proper togive a ſeparate draw- 
ing of the pupil's covering or lid, continued to 
the extremity of the choroide tunic ; I firſt re- 
preſent it on that fide where it was cut from the 
cye Fig. 111. &, and looks of a deep green colour, 
which by degrees grows paler, and is interwoven 
with delicate veſſels. I then exhibit its other fide, 
by which it may be ſaid to float freely in the aqueous 
humour, and reſt againſt the cryſtalline lens. 
In this part it is of a filvery whiteneſs, and inter- 
ſperſed with very delicate ſtreaks or fibres. Theſe 
fibres look as if they were continued not only to 
the filaments of the iris, but likewiſe to thoſe of the 
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choroide tunic, which I have already repreſented. 


This covering or lid of the pupil is of an extreme 
blackneſs in that part of it, which lies over the 
ſuperior region of the cryſtalline lens. | 

I could find but very little of the aqueous 
humour on the inſide of the eye, whereas that con- 
ſtituting the cryſtalline lens was in conſiderable 
quantity, and was tolerably compact. But there 
was ſomething ſingular in this laſt part, namely, 
its coat's being of an extraordinary thickneſs, and 
likewiſe its ciliary ligaments penetrating ſo deep 
into the cryſtalline lens, that it in ſome mea- 
ſure as it were divided this part of Tab. LII. 
Fig. rv, n, the eye; this may be beſt ſeen on the 
fore part. On boiling this eye, and then pealing 
off the ciliary ligament, along with the coat of 
the cryſtalline lens; and likewiſe the fore ſegment 
of this lens from its back ſegment, the lens itſelf 
appears exactly like a globe contained in a ſemi- 
globe, or like a ſphere in a hemiſphere. 

The vitreous or glaſſy humour was in a man- 
ner ſo perfectly fluid, as rather to deſerve the 
name of an aqueous than vitreous humour. I 
could not diſcern exactly the retina, as the black 
Juice of the avea happened to get out of its mem- 
brane, and thereby ſpread an impenetrable ob- 
ſcurity all over the adjacent parts. This accident 
for want of ſubjects, obliged me, to put an end 
to my anatomical ſurvey of the eye; and there- 
fore I ſhall return to the brain, and the nerves 
that iſſue from it. 

From the fore region of the brain, there ariſe 
three conſiderable pairs of nerves, which, after 
making their way thro' the cartilages of the 
brain, run in a moſt beautiful manner to the 
muſcles of the head, beak, legs, and adjacent 
parts. But the conſtruction of the middle pair is 
more admirable than that of the lateral ones, as it 
ſwells into a node or globule Fig. 11. a, from 
which the nervous branches iſſue in a moſt ele- 
gant manner, like rays of light of the ſun's 
body. . 

The better to ſhew the ſituation of all theſe 
parts, I have given a particular engraving of the 
cartilages which ſurround the brain oo, as well 
as thoſe ſerving for a foundation or prop to the 
eight legs, pp, in the center of which lie the 
mouth and the beak. From the back part of 
the brain iſſue two very large nerves, 9 q, which 
form each of them a remarkable knot, r 7, 
after having paſſed through the thorax, and un- 
der the muſcles that ſerve to move the acetabula 

5 1 | 
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of the common excretory duct. I could: couht 


more than twenty little nerves, which ſprung 


from each ganglion, and were diſtributed to 
the region of the gills; after running on each fide 
of the acetabula, of the common excretory. duct, 
where they in part ſhewed themſelves through 
the tranſparent ſkin, Tab. LI. Fig. 1. z. . 
The genitals of the male Cuttle - Fiſhi may be 
divided into three parts, one teſticle, and two 
glandulous parts, between which there lies ano. 
ther glandulous body, divided into a great many 
lobules ; and laſtly, a peculiar glandulous and 
ſpungy body, in ſhape like a heart, ſeated under 
the animal's ink bag. 
That part, which I call the teſticle, on ac- 
count of its external appearance, is fo admirably 
contrived, that it greatly ſurpaſſes all the wonders 
I have hitherto related of the Cuttle-Fiſh. It 
ends in a particular open-mouthed tube, which 
floats looſe in the body, like the end cf the 
ſtraight gut, wv. It is through this tube the teſ- 
ticle diſcharges its ſperm, ſo that it may very pro- 
perly be called the vas deferens of this organ. I 
could ſometimes obſerve ſome very tender and 
delicate white fibres hanging from this part, 
Tab. LII. Fig. v. a; but I cannot ſay whether 
they were natural, or were occafioned by ſome 
diſorder in the animal, as I never examined 
them in a live one. This ſingle teſticle is oval, 
but it ends at the bottom in a kind of a point, 
5. In the centre of it there is a little body, 
which very nearly anſwers the paraſtatæ, or cor- 
pora variaformia of quadrupedes, and even of 
man, c; but I have not yet been able to diſcover 
where this veſſel begins or ends. The nearer 
this little body, juſt taken notice of, approaches 
the teſticle, the broader it grows: this circum- 
ſtance may be beſt ſeen, by turning the teſticle 
upſide down, and then diveſting it of the great 
number of membranes which cover it, e. I have 
ſome reaſon to think, that the whole teſticle 
may be unfolded, and wound into one long veſ- 
ſel, ſomewhat ſlenderer at its beginning and at 
its end, than in the middle, and terminating in 
a curious curled little tube, d. The texture of the 
genital parts already mentioned, is glandulous. 
In the narrow parts of the channel juſt now 
ſpoke of, there is found a white ſpermatick 
matter, which, on wounding this part, iſſues 
forth in form of coagulated milk; but the ſub- 
ſtance contained in the ſomewhat wider parts, is 
tranſparent : the wideſt parts of all are full of an 
infinite number of little delicate white parts, 
ſomewhat crooked, which are altogether free and 
looſe at their hinder ends, Tab, LII. Fig. vi. V; 
but at their fore ends, they terminate each in a 
very delicate filament, g, by which they are in a 


manner linked to each other. Theſe delicate fine 


threads may be unwound, to double the length 
of the other parts to which they adhere; and on 
taking both the threads and theſe parts into the 
open air, the former immediately harden like 
the threads drawn from filk Worms, and ſhine 
and glitter like a looking glaſs. 

The moſt ſurpriſing circumſtance in this part 
is, that on throwing ſome of theſe into water, they, 


after a little time, begin to move, and then open- 


ing 
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ing at their hinder, and ſometimes at their fore, 


4 ity, they ſuddenly diſcharge a little white 
"dadpy-whklch, * its eſcape, rolls and curls itſelf 


up in a ſerpentine manner, 6, the larger part, all 
the while continuing in its former ſtate, without 
the ſides of it falling together. This ſurpriſing 
little body, when viewed with the microſcope, 


looks like a very white Earth-worm, divided 


into a great many exceeding ſmall rings; and if 
left in the water for ſome time, it expands and 
grows bigger by degrees, by the water it imbibes, 
which makes me imagine, that the water may 
poſlibly be the cauſe of that wonderful motion 
obſervable in theſe parts, on their being put into it. 
Theſe particles, when thrown into ſpirit of 
wine, remain perfectly quiet, without any open- 
ing. | 
Erheſe parts may be very diſtinctly ſeen thro' 
the tranſparent coats of the teſticle; and they ap- 
r divided into a great many rows. Sometimes 
even they may be obſerved to have rolled them- 
ſelves into ſerpentine coils, and diſcharged their 
white particles, before the teſticle has been 
opened, Fig. v. ii. | 


On examining with the microſcope one of 


. theſe minute parts, we may plainly perceive its 


conſtruction, and can ſee a trariſparent ſpace, 7 
an air bubble, at its hinder end, Fig. vit. 2. A 
little higher up is the region, within which lies 
the little ſurpriſing moving white particle, juſt 
now ſpoke of, 6. But I have here repreſented 
it much ſhorter than it appears through the mi- 
croſcope, for fear of enlarging the drawing to too 
great a ſize. This little part grows tranſparent 
again near its fore end, Fig. VII. c. But the 
fore end itſelf is very neatly curled, d, and it is 
from this extremity that the filament iſſues, which 
hardens in the air, like the Silkworm's thread, e e. 
Whether theſe filaments be hollow, and whe- 
ther the ſperm be generated in the caſes which 
contain them, as in ſo many kind of ſeminal 
tubes, or whether all the caſes themſelves, with 
their contents, be diſcharged by the animal 
at the time appointed by nature, for its ſhedding 
its ſperm, are very obſcure queſtions, which as 
yet I am not able to anſwer v. Let it therefore 
ſuffice, that I have juſt exhibited, to the glory of 
the Great Architect, the admirable beauty and 


con- 


* The public received ſome few years ſince, an account of theſe veſſels in a ſpecies of Cuttle-Fiſh, from the ingenious Mr. Tur- 
berville Needham: but we ſee the firſt account of them is owing to this author; and much is yet to be expected in the perfecting 
their hiſtory, from ſome future philoſopher accuſtomed to theſe ama who ſhall have opportunities of obtaining the animal alive. 


'The ſpecies mentioned by Mr. Needham is, as we have before ob 
tion and action of theſe particular parts, is this 


the Loligo of authors; and his obſervations on the conſtruc- 


The outward tranſparent caſe is cartilaginous and elaſtick: its upper extremity is 8 into a round head, which is in reality 
e 


nothing more than the top of the caſe involuted into itſelf, and by that means cloſing 


ſprings in the time of action. 


orifice, through which the interior apparatus 


Within this is contained a tranſparent tube, elaſtick, as it appears from the phenomena, in all directions, and forcing its way where- 
ever it finds a paſſage, which tho the continuation of it is not _— ſenſible in all ＋ may be eaſily diſcovered in a courſe of ex- 


periments to inveſt the ſcrew, ſucker, barrel, and that ſpun 


ubſtance, which imbi 


s the ſemen. The ſcrew is inſerted in the up- 


per part of it, and throws out of the head of it two lender Iigaments, which faſten it with the whole annexed apparatus to the top of 
the outward caſe ; the ſucker, and barrel or cup, are lodged in the middle of the tube, and the ſpongy ſubſtance containing the ſemen 


diſtends the lower 


part. 2 . . "Ws * * . = 
I ſhall now proceed to the ſeveral phænomena's that appeared in the action of this minute machine, which to me at leaſt ſeemed fo 
ſurpriſing and inexplicable, that I think myſelf obliged to premiſe, that I am in no wiſe anſwerable for any ſeeming contradictory 


conſequences, which may poſſibly be drawn from matters of fact I dont pretend to account for: all I can aſſure the public of, is, that 
they are literally true, juſt as rer related, and were ſeen by ſeveral perſons, as well as myſelf. The objects I have now by 
reſerved in ſpirit of wine, which, though they retained their activity for more than twenty days after they were taken out o * 

y of the fiſh, and immerſed in ſpirits, without any ſenſible diminution, yet now have in a manner totally loſt it, though they re- 
main to all appearance in the mi perfectly the ſame, If therefore any of my readers defire to verify the facts I have menti- 
oned, they muſt apply in the ſeaſon for freſh objects, and do their utmoſt to procure the milt · veſſels when perfectly _ for action; 
for theſe only will an{wer to all the phznomena I have taken riotice of, though the leſs mature will ſuffice for moſt of them. 

Tho? many of the milt-veſlels, when they are ripe for action, and diſengaged from that —— matter which ſurrounds them while 
they are in 3 milt-bag, will act immediately in the open air, for Which =p: ad ſlighteſt preſſure during extraction may be ſuffi- 
cient, yet the generality of them will not only bear a tranſlation to the object - p and lie quiet for obſervation, but alſo require a 
drop of water to moiſten the upper extremity of the encloſing caſe, before they begin to operate. 1 

Upon application of this, the extremity begins to evolute and unfold itſeif, and the two ſlender li ts, which emerge out of the 
caſe, turn and twiſt themſelves in various directions: at the ſame time the ſcrew moves upwards with a flow motion, the ſpires at the 
top gathering cloſe together, and acting againſt the head of the cafe; while thoſe at the bottom advance proportionably, and ſeem to 
be — 1 — by others out of the head of the piſton; which ſucceſſion I believe to be apparent only, and not real, the ap- 

arance being owing to the nature of the motion in the ſcrew: in the interim, the ſucker and cup, or barrel, move gently on in the 
Eume direction; and the inferior part of the apparatus, which contains the ſemen, extends itſelf in length proportion ly, with a mo- 
tion at the ſame time upwards, which may be perceived by an increaſe of the vacuity at the bottom of the caſe. Soon after this, the 
top of the ſcrew, with its encloſing tube, appears out of the head of the caſe, and as it is there faſtened by its ligaments begins to bend: 
the motion of the whole continues thus flow and gradual, till the ſcrew, ſucker, and cup have forced their way, and emerged totally, 
when at that inſtant the remainder of the apparatus ſprings out at once, the ſacker ſeparates from the cup, the eeming ligament below 
the cup ſwells out to the diameter of the inferior part ; the inferior = though diſtended conſiderably in breadth, more than it 
been in the caſe, extends itſelf to five times its original length; two knots, between which the tube contracts itſelf in diameter, form 
themſelves, each at about the diſtance of one third of the whole from both extremities, and the ſemen flows out of the cup, conſiſtin 
of ſmall opake globules ſwimming in a fort of ſerous matter, juſt in the ſame form, and without any appeara::ce of life, as I had ſen 
it before, when diffuſed at large in the milt-bag. After the operation, it is to be obſerved, that the fringed edges between the two 
knots appear upon examination to be nothing more than the interior ſpongy ſubſtance broke and disjoined at almoſt equal diſtances, as 
will be clear from the ſubſequent phænomena. | 3 

Sometimes the ſcrew, together with the tube, breaks juſt above the ſucker, and the ſucker remains in the cup, of which I have alfo 

iven a drawing: in that caſe the inveſting tube cloſes inſtantly at the extremity of the ſcrew, as far as it will permit, and contracts 
itſelf nearly in a cone, which plainly indicates its great elaſticity in this, as its conformation to the ſhape of the encloſed ſubſtance 
upon the leaſt change does in every other part. | - 

At firſt view, an obſerver would be inclined to think, that the action of the whole machine is to be derived from the ſpring of the 
ſpiral ſcrew ; but the 4 experiments, which I tried with a view of ſatisfying myſelf in that articular, not only evince the falſe- 
hood of that ſuppoſition; by demonſtrating that the ſcrew can at moſt act but as a counter to a force entirely latent, but afford a 
train of phznomena ſo ſurpriſing, that they totally filenced all the hypotheſes I was capable of forming. The experiments were 
tried upon milt· veſſels, which though not ſufficiently mature for the ejection of the ſucker, dilatation of the ſeeming ligament below, 
the cup, and the expreſſion of the ſemen, had already attained the full force requiſite for the exertion of the interior apparatus out of 
the encloſing caſe ; thus they completely anſwered my preſent purpoſe, as well as the moſt mature could, and remedied the misfor- 
tune I had of loſing the only parcel of mature milt-veſſcls I have found in the courſe of my inquiry, which I had laid by for further 


4th at hat. © . if tte ebnifnabadatly , 
conttivance of theſe parts; contented as J am in 


being thought ignorant of every thing elſe be- 


longing to t as | 
As to the other parts, compoſing in my opi- 
nion, the organs of generation, the conſtructi- 
on of them is very remarkable; for they ſeem 
as it were to conſiſt of two diſtinct glands, 
placed at the ſides of the abdomen, and there con- 
nected with the gills, Fig. v111. 44, from which 
I ſeparated them. Theſe glands are white, and 
there adheres to each of them another glandu- 
lous body, by means of a glandular tube, in 
form of a ſtalk 45. Theſe corpuſcles are of a 
ſomewhat grayer colour than the reſt, and have 
each of them a conſiderable flit, with a great 
many little openings at the bottom, through 
which iſſues the ſeminal matter formed in theſe 
and the inferior particles. 

This ſeminal matter, after flowing from its 
glands, is conveyed to a bag that lies at one 
ſide, and is repreſented under the letter 7 of 
Figure 1. Tab. LI. from whence it is diſ- 
charged out of the body by two diſtinct tubes. 
The mouths of theſe tubes appear very plain at 
the ſides of the ſtraight gut; and the matter 
they contain, -may even be ſqueezed out of 
them. Theſe tubes are exhibited in the figure 


and table laſt mentioned, under the letters gg. 


But I cannot as yet take upon me to ſay whe- 
ther or no they ought to be called the proſtaſtæ, 
or what other organs they may properly be. 
Among the parts I am deſcribing, there lies 
a glandulous body divided into lobes Tab. LII. 
Fig. cc, viii. and connected by means of 
ſome delicate membranes 4d. Theſe lobes 
are again moſt beautifully divided, as it were, 
into a great many branches, covered with ten- 
der, and in ſome fort membranaceous, glands, 
which in the animal itſelf forms a moſt enter- 
taining ſpectacle. From this body there ariſes, 
on preſſing, another kind of ſpermatic mat- 
ter. The lobes laſt mentioned, and their 
glands, are of different colours, partly white, 
and partly KT ages to gray; the glandulous 
body itſelf alſo, which J heretofore repreſent- 
ed as adhering to the ſtomach, ſeems to have 
a communication with theſe glands ; for as 
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quire a great deal of attention and leiſure. 
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yet I cannot take upon me to affirm poſitively, 
at it has any. I maſt have more ſubjeQs-to 

examine, before I can determine any thing in 


4 


iculars re- 


lating to this Cuttle-fiſn. The beſt time to 


take a thorough ſurvey of the creature, would 
be when the ſperm is not as yet arrived at its 


full maturity. But ſuch a ſurvey would re- 


The third part belonging to the ſpermatic 


veſſels has been already exhibited, as it a 


through the tranſparent ſkin under the letter ?, 
in the firſt figure of Tab. LI: Fig. 1. It lies 
in the lower region of the abdomen, under the 
ink bladder. It is of a glandulous ſpungy ſub- 


ſtance, and contains a ſeminal matter, which 


may be eaſily preſſed out of it. Its ſuperior 
region is ſomewhat broad, flattiſh, and de- 
preſſed, Tab. LII. Fig. 1x. @ ; the inferior ter- 
minates in a manner in a double or forked 
point 5, ſo as in ſome degree to reſemble the 
ſhape of a heart. I cannot ſhew the channel 
by which this part diſcharges its ſpermatic 
matter, as I tore and broke it, on ſtriving to 
take it out of the creature's body. 

I could not at this time narrowly inſpect the 
genital organs of the female Cuttle-fiſh, be- 
cauſe I wanted a ſufficient number of ſub- 
jects ; and thoſe, in which I obſerved all the 
ex hitherto related, were both males. 

or this reaſon I cannot now take upon me to 
give a ſatisfactory account of the parts viſible 
in the female, or to ſay whether or no it has 
any genital organs anſwering to thoſe, I have 
already deſcribed and delineated, as belonging 
to the other ſex. I ſhall therefore attempt no 
more at preſent, than juſt to give a drawing 
of the genitals of a female Cuttle-fiſh, which I 
ſome years ago took care to prepare and pre- 
ſerve, referring to ſome other time, when I 
ſhall have inclination and leiſure to perform 
ſuch a taſk, a thorough ſurvey of theſe parts. 

The firſt thing There repreſent, is the ſtraight 
gut a, Tab. LII. Fig. x. to the fide of which 
adheres the channel by which the ink is diſ- 
charged 6. The ink bag itſelf c, lies upon the 
ovary dd. At the other tide of the ſtraight gut 


If the milt-veſſel be divided juſt below the cup, that part which contains the ſemen extends itſelf inſtantly ; and though a part 


only, and not the whole of it ſprings out at the openings as it does not when ſevered from the reſt of the apparatus, 
a ſlow motion, and emerges almoſt entirely out of its caſe. 


cation of water, it works itſelf out by degrees wit 


yet upon appli- 


If the lower extremity of the outward caſe be cut off, it diſtends the ſeeming ligament below the cup to an inconceivable tenuity, 
breaks it without deranging the ſcrew, or cauſing any alteration in the ſuperior part of the apparatus, and goes out at the opening. 

In one of theſe experiments, the ſeeming ligament breaking after diſtention, ſtruck with ſuch ſmartneſs the fide of the encloſing 
caſe, that, though cartilaginous, its extremity forced its way through by its elaſticity, and retired twiſting itſelf again into the caſe ; 
which can be accounted for nb other way, than by ſuppoſing it extremely elaſtick, and its force upon this occaſion ſomething anala- 
gous to that of a ſilken thread, which, if ſuddenly ematted her diſtention, with a certain direction that it receives from a peculiar 


ilight of hand, will open itſelf a paſſage through a ſheet of ſtron r. 
1 e - below the ſ⸗ $ 13 
w the ſemen, it e 


If the milt-veſlel be divided both a 


ve an 


at the two extremities, by extending itſelf in both di- 


rections, which being contrary to each other, detain it in the caſe with this additional effect, that it renders the encloſing tube conſpi- 


cuous, by ſevering aſunder at ſome of its diviſions the ſpo 


ſubſtance which contains the ſemen. I mean by diviſions the rings 


n 
throughout its whole — — reſembling thoſe of a Worm, . hors not ſo regular, as = appear through the greateſt magnifier of 
1 e 


the common double ref 
hibited in the figures, like a fringe inveſting the 1 


ng microſcopes; yet, with the third magnifier, from which th 
I have ſometimes upon this occaſion counted no leſs than nine ſeparations, 


drawings were taken, they are ſeen as ex- 


though no more than four appear in the drawing ; for in this particular, there is no determinate regularity. 


If the leaſt orifice be opened with a lancet in the fide of the outward caſe, it inſtantly conforms i 
at the ſcrew, upon ſeparation, ceaſes in every reſſ 


"Tis obſervable alſo, 


to it, and comes out double. 
to operate, and loſes irrecoverably its activity, which 


is an evident proof, that the whole force of the milt-veſſel is to be derived from the action of the inferior part. 

The application of water is for the moſt part neceſſary, and yet the milt-veſſels will often act without it: ſpirit of wine will alſo 
. ſuffice, though the effect is conſiderably flower, and the ſpring, with which the inferior part at the cloſe of the operation, when regu- 
lar, ſuddenly ſtarts out, is totally impeded ; but this was underſtood of a fingle milt-veſſel placed upon the obje&-plate; for when the 


whole bag is immerſed in ſpirits, even ſo that the * has free acceſs 5 — — —— 
recedes ſome little from the bottom o outward caſe. Oil has no manner of 


effect in any reſpect whatſoever, though more lubricating than any other liquid. | | 


the inferior part is ſomewhat extended in length, an 


e whole collection, it cauſes no other alteration, than that 
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is an open-mouthed tube or duct e, by which 


the eggs are voided. 
theſe eggs J, one half leſs than the natural 
fize. Upon the ovary and ink bladder are 
placed two very beautiful glandulous bodies, 
repreſented at gg; but I cannot now ſay any 
thing certain concerning them, as moſt of my 
former obſervations are only recorded by draw- 
ings, with a bare explanation. Above theſe 
two bodies, or rather in the midway between 
their appendages, ap a remarkable little 
bladder or bag, which contained a red juice h;. 
Laſtly, I exhibit at one fide all the parts al- 
ready mentioned, and the gills zz, together 
with their veſſels and diviſions, in their natural 
fituation. 

- I ſhould here finiſh this eſſay, if for order 
ſake I did not think it proper to add ſomething 
concerning the Cuttle-fiſh's bone, being the 
only one to be found in the body of this won- 
derful animal. The fleſh cloſely ſurrounds 
this part on every fide, in the manner obſerv- 
able in man and other animals. To obtain a 
ſatisfactory ſight of it, no more is requiſite than 
to make an inciſion in the fiſh's back, and ſe- 
parate the bone itſelf from its membranes, and 
other integuments; all which may be very eaſi- 
ly performed. 

This bone, when newly cut out of the ani- 
mal, is of a middle nature between a dry and 
a moiſt ſubſtance ; it floats upon the water, if 
immediately thrown into it. And this, no 
doubt, is the reaſon of its having been called 
ſpuma maris, or ſea-froth. Hence alſo it hap- 
pens, that ſo many of theſe bones are ſeen 
during the ſummer months floating near our 
coaſts, upon which they are at laſt thrown, in 

oportion to the number of Cuttie-fiſhes that 
2 died ſince the preceding ſeaſon. The 
fiſhermen gather theſe remains, and ſell them 
to the different tradeſmen, who have occaſion 
for them. It would take me up a large volume 
to deſcribe all the wonders obſervable in this 
bone, in regard to its figure, colour, texture, 
and other qualities ; I ſhall, therefore, only juſt 
account in a few words for its floating on the 
ſurface of the water. 

This bone which lies in the animal's back, 
on breaking it, after having firſt cut with a file 
thro' the hard cruſt that covers it, ſome inches 
from its fore end, appears to conſiſt of ſeveral 
teſtaceous plates a, Tab. LI. Fig. vi. Of theſe 
the upper ones are the longeſt, and moſt crook- 
ed; and they lie clofer to each other than the 
lower ones, which being applied to the hard 
cruſt of the bone that had been filed off, yield 
ſomewhat in length to the former. The rea- 
ſon why the lower plates ſhould lie looſer, or 
at a greater diſtance aſunder, than the upper 
ones, ſeems to be this; that the former have 
received more nouriſhment during the fiſh's 
time of growth, than the latter, and therefore 
increaſed in bulk a great deal faſter. Beſides, 
the hard cruſt of the bone, by lying nearer the 
upper plates than the lower ones, is ſufficient 
to make the former full amends for ſuch a 
deficiency. 


I here exhibit three of 
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Between theſe plates there are a great many 
filaments reaching from one plate to the other, 
like ſo many props or columns, ſo as to hin- 
der the o_ from cloſing together. And the 
ow lightneſs of the Cuttle-fiſh's bone, in con- 
equence of which it cannot but float like a 
froth upon the water, depends entirely upon 
this conſtruQtion. "oh 

To make this very conſpicuous, nothing 
more is neceſſary, than to ſeparate two of theſe 
plates which lie at the greateſt diſtance aſun- 
der, from the adjacent ones ; and this may be 
very eaſily effected, by breaking with the point 
of a ſmall pin, the filaments which unite theſe 
plates together, at the ſame time that they keep 
them at a proper diſtance aſunder ; for their 
filaments are ſo fine and delicate, that they 
yield to the leaſt impreſſion, 

On "ray. with a microſcope the plates 
prepared in the foregoing manner, the diſpo- 
ſition of the columns or props c, between the 
upper and lower plates de immediately ap- 
pears, as likewiſe their figure, and how th 
conſiſt of a great many very ſmall fibres which 
are compoſed, as it were of minute globules. 
We may even obſerve ſome tranſverſe fibres, 
ſtretching from one column to another, and fo 
ſtrengthening them, and connecting them to- 
gether. Beſides, many of theſe props have a 
deeper foundation than the reſt ; and there is 
likewiſe a great variety in their figures. 

To comprehend thoroughly the conſtruction 
of theſe parts, and their admirable contri- 
vance, it is proper to take a * of the bone 
prepared in the manner juſt now explained, 
and having faſtened it in a ſafe place, with a 
little ſtarch paſte, leave it there till it dries. 
After this, care muſt be taken to ſeparate the 
upper plate from the props ſupporting it, with- 
out doing them any injury, which however 
difficult, I have often accompliſhed with per- 
fect ſucceſs. By this means it will at length 
appear, that theſe columns are ſo many hollow 
ſlender tubes, Tab. LI. Fig. vir. g, naturally 
full of air, which is a ſufficient reaſon, why 
the Cuttle-fiſh's bone, when thrown into the 
water, ſhould always ſwim on its ſurface. 

In this ſtate, ſome of the columns appear like 
perfect tubes, others of a leſs regular form, and 
many are beautifuily bent, like paper folded in a 
variety of forms. This inflexion is very like that 
which we obſerve within the noſtrils of hunting 
hounds, in the bone upon which the ſcent acts ; 
as alſo, in horſes. - This conſt,uQion of the props 
cannot be perceived with the microſcope, till one 
of the adjacent plates is removed, otherwiſe they 
all appear cylindrical, becauſe they are tranſparent, 
For it is the property of that kind of glaſſes to 
give almoſt all hollow tranſparent bodies a round 
appearance. | 

The ſubſtance forming the cruſt of theſe plates 
and their props, is in a manner of the nature of 
an alcaline ſalt; it ferments violently with acids. 
But on ſeparating from it the membrane, that 
covers the back part, it appears entirely com- 
poſed of the ſame matter with the plates them- 
ſelves, and the interjacent columns, which make 
"SP It 
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it not improbable, that this ſtony and ſaline bone, 
found in the back of the Cuttle-fiſh, is originally 
_ compoſed of hardened membranes, and this con- 
jecture is confirmed by conſidering attentively 
that part of the Cuttle-fiſh's bone, which lies 
within its tail, and the membranes inveſting it; 
for theſe laſt when examined with the microſcope 
appear of the ſame conſtruction with the plates 
and columns themſelves, But it is no eaſy matter 
to ſeparate theſe membranes; they are ſo firmly 
connected in that part with the hard cruſt cover- 
ing the bone. When cautiouſly picked of, they 
leave a view of the manner in which this animal's 
bone grows at this place into a ſharp tale Tab. LI. 
Fig. x1. b, which in full grown Cuttle-fiſhes is 
much longer and more pointed, than in young 
ones, as in theſe laſt the membranes are not yet 
hardened, It may therefore be fairly concluded 
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from all the foregoing particulars, conſidered. to- 
gether, that this ſtony bone of the Cuttle-fiſh, is 
formed in the ſame manner with the bones of 
men and quadrupedes. Nay, we can very plainly 
ſee that the blood veſſels not only run over the 
ſurface of this bone, but penetrate into its ſub- 
.. To cloſe this treatiſe, I muſt offer my moſt 
humble praiſes to the great Creator, for having 
made known to us ſo many ſpecimens of His in- 
exhauſtible wiſdom, power, and goodneſs, all 
the glory of which we ought to give to his Di- 
vine Majeſty, praying Him at the ſame time to 
make us truly obedient to his will ; ſo that wemay 
henceforward do nothing but what is agreeable 
to Him, for in this exact conformity to His plea- 


77 7 our preſent and future happineſs entirely con- 
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A treatiſe on the Phyſalus *, 


＋ HIS creature, which Rondolet deſcribes 
from his own obſervations, and from Elian, 
is found in the German ſea, and ſometimes is 
thrown aſhore on its coaſts in the ſummer 
months, I can produce one of them, which 
ſtuffed with tow, by a hole made in its 
back, and afterwards ſowed up, has its ſkin 
changed toa kind of real leather, I many times 
this ſummer ſpoke to the fiſhermen to get me one 
of theſe animals freſh, as they gave me to un- 
derſtand they often caught them alive in their 
nets, but as yet I have not had the good fortune 
to obtain any of them; I can therefore do no 
more at preſent than deſcribe it, and illuſtrate my 
deſcription with figures from ſome flight notes 
and drawings I formerly took of this creature ; 
theſe obſervations, however, may throw great 
lightupon what Rondolet has wrote concerning it, 
eſpecially what he has affirmed after Ælian of its 
ſurpriſing inflection. The Phyſalus when turned 
on its back, Tab. X. Fig. vi. appears ſome- 
what broad in the middle, on the forepart toward 
the head it 1s a little narrower, and at the tail it 
ends ina point. The abdomen is full of wrinkles, 


and is covered with a very delicate kind of biſſus 


or cottony matter. This creature has on each 
{ide of its body twenty eight protuberances, called 
by Rondolet dorſal warts, from which there 
ſpring very ſtiff briſtles a a a. The learned Oli- 
gerus Jacobeus, when here in Holland, made me 
a preſent of a creature of this kind, and called 
theſe briſtles its legs; but I cannot ſee any reaſon 
he could have for giving them that name, as the 
creature cannot uſe them as ſuch, tho' perhaps 
it may employ them as oars in ſwimmingÞ. The 
Phyſalus has other protuberances befides thoſe 


already mentioned; and except their being ſmaller 
and ſharper they are of the ſame conſtruction, 

In ſome of theſe warts, which I cut from the 
creatures ſides, Fig. 1x. &, 1 could count ſixteen 
briſtles diſpoſed inwardly into three rows, and 
united together in each row, by a particular 
ligament Fig. x. c, and all the fixteen by another 
common one. The firſt row conſiſted only of 
two moderately ſtiff but very large briſtles d. The 
ſecond conſiſted of fix e, and the third of eight 7, 
differing in length, ſtructure, and _ all 
theſe briſtles were of a ſhining black, but there 
are other ſpecies of this creature, whoſe briſtles 
are of a bright gold colour. Such aretheſe men- 
tioned by Jacobeusinthe Acta Danica Medica; and 
I have myſelf ſeen ſome of this kind. There are 
alſo Phyſali with green briſtles, if we may believe 
Rondolet, who calls theſe briſtles green hairs. 
Some of theſe briſtles, which give the creature a 
reſemblance to the Porcupine or Hedge-hog, ap- 
pear thro' the miſcroſcope flattiſh and ſharp 
Fig. x1. g, Whilſt others appear cylindrick, and 
ſomewhat thicker about their fore parts, Fig: x11. 
hb, where they at laſt terminate in a blunt point. 

Under the parts laſt mentioned, there grows on 
each fide of the body a prodigious number of de- 
licate gold coloured downy hairs, I have only 
repreſented thoſe on one fide Tab. X. Fig. viI t. 
111, where the briſtles are omitted, to afford a 
better view of them ; theſe delicate hairs ſpring 
likewiſe from the centers of certain warts, over 
whoſe ſur face they afterwards ſpread themſelves, 
Fig. x111 X. The laſt warts lie cloſe under the 
others ſupporting the briſtles, with which the 
hairy down growing in the form of flocks of 
wool is naturally intermixed, eſpecially on the 


This ſingular creature which former naturaliſts have univerſally called Phyſalus, and have been perplexed in what claſs to arrange 
it, Linnæus refers to his claſs of Worms, Vermes, he arranges it under the ſecond order; the creatures of which he entitles Zoophyta, 


and to this genus he gives the name of Salacia; by this denomination the creature is known at preſent among naturaliſts, and 


no other known ſpecies of the ſame genus. 
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1 Theſe are not legs, nor intended for its office: they approach more to the nature of arms with hands or fingers ; and are 1 
Tentacula of the creature: their uſe is in finding and — che creatures prey. — * 
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uppe of the body, and on the ſides. The 
N the each the forward near the head 
Fig. v111. 4, and over it ĩs a little body reſembling 
in figure and conſtruction one of the beards that 
are to be ſeen in ſome fiſhes. ay | 
What has been ſaid, is ſufficient to give the 
reader ſome notion of this inſects conſtruction on 
its upper part or back, Fig. x1v. where it ap- 


pears as if entirely compoſed of an aſſemblage of 


downy hairs and briſtles, the ſurface of this part 
alſo is rounder, and more convex, and the warts 
growing on it are ſhorter and ſlenderer than thoſe 
already ſpoken of, as lying upon the parts, to 
which the name of feet has been given. 
On opening the back of this creature, I found 
the ſkin in that part lay quite free and looſe over the 
adjacent fleſh. I likewiſe diſcovered in this place 
on each ſide of the body, a prodigious number 
of holes Fig. xv. aa a@ 40, which by running a 
robe into them, I found to extend under and 
— the briſtly tubercles, ſurrounding each 
ſide of the body, with openings on the outſide, 
thro' which the creature by an alternate dilatation 
and contraction of its upper skin, takes in the 
water requiſite to moiſten its gills þ 56 6, which 
are all the other parts to be ſeen within this hol- 
low of the skin, and are conſtructed like the 
ſcales on the lower part of the bellies of Serpents. 
As to their texture it is membranaceous, with a 
ſmooth ſarface; and they are diſpoſed in the moſt 
beautiful order, for the upper ones, tho' moving 
freely over the lower, always cover ſome part of 
them. | 
If we duly conſider this conſtruction of the 
body, we cannot be at a loſs to account for the 
manner in which the Phyſalus, is able to ſwell 
and bloat itſelf up with air, and afterwards burſt, 
or as I think I may more properly expreſs myſelf, 
collapſe into its former ſize and figure; to do all 
this, it need only firſt dilate the upper portion of 
its skin, that, on its floating to the ſurface, as it 
muſt neceſſarily do when its bulk is thus increaſed, 
the air may get into the cavity ſo formed, and 
then contract the ſame part, ſo as to make it ex- 


df them at preſent. 
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pell the air contained therein; it then falls flat 
againſt the lower part fo ſuddenly, as to imitate 
the noiſe as well as appearance of a real burſting, 


Hence we may alſo ſee why the Phyſalus, during 


this laſt operation ſhould appear quite tranſparent, 


us the ſubtile air impelled at this time under the 


skin, cannot but open an eaſy paſſage thro! it, 
for the rays of light. | | 

As to the viſcera. of this creature, there 
are many and remarkable ſingularities in 
them; but as. I have yet beſtowed little notice 
and few deſigns on them, I cannot ſay much 
I only remember to have 
obſerved that the parts about the mouth of the 
Phyſalus are moveable in the manner of thoſe 
of the Snails, and are of a pyramidical form, 
and of a very wonderful contrivance ; its heart 
alſo, and blood- veſſels ſhew themſelves in a very 
beantiful manner. In the middle of the body I 
found a part which ſeemed in its upper portion 
to anſwer the purpoſe of a ſtomach, and towards 
the tailthat of inteſtines. This veſſel was divided 
into a great many ramifications, which wereunit- 
ed, as it were, by mutual anaſtomis'sor inoſcula- 
tions, Tab. X. WII c, and were full of, and 
turgid with, excrementsof a kind of earthyclayey 
colour, divided into little lumps. | 

As I never ſaw this creature alive, and even 
dead, only after it had been toſſed about by 
the waves from one part of the ſhore to ano- 
ther, I can propoſe but few things of it as cer- 
tain. I don't know whether it is to be ac- 
counted venomous, as Rondolet ſeems to 
entertain that opinion; neither can I take 
upon me to determine among what ſpecies of 
animals it is to be claſſed, tho! it ſeems to de- 
ſerve a place amongſt Echini, or Sea-Urchins. 
Rondolet reckons it among his Sea-Caterpillars; 
but I cannot diſcover in it the leaſt reſemblance 
to theſe creatures. I ſhall therefore, for the 
preſent, conclude this hiſtory ; but ſhall endea- 
vour to complete it, if an opportunity offers, 
at ſome other time, when I may have leiſure 
ſufficient to beſtow on fo intereſting a ſubject. 


The end of the Hiſtory of the Phyſalus. 


An epiflolary diſſertation on the Felix Mas, or Male Fern of Dodoneus. 


SIR, AE 

O U do me no niore than juſtice in attri- 
buting to me the firſt diſcovery of Fern ; 

for which reaſon I ſhall now lay before you a 
very curious obſervation on this ſubject, with 
drawings to illuſtrate it. Were this a proper 
ſeaſon to obtain one of theſe vegetables freſh 
and in good order, I ſhould endeavour to ſend 
you more particulars worthy of your attention z 
what I now offer being only the reſult of a ſur- 
vey taken of it in a dead and dry condition: 
I may ſay, however, that it is now ſeveral years 
ſince, on examining by chance the tubercles 
growing on the 'under-ſurface of the Fern- 


leaves, I diſcovered in them certain little capſules, 


containing the true ſeed of this plant; tho' many 
celebrated writers had denied that it had any, 
whilſt others, who believed the contrary, knew 
not how to convince the former of their miſtake, - 
The Male Fern of Dodoneus is a plant too 
common and well knownto require adeſcription 
ſo that I ſhall only give a drawing of it, Tab. LIII. 
Fig. 1. 44, and the tubercles 55, which grow 
upon its leaves. Theſe tubercles, which the igno- 
rance and negligence of writers had conſidered 
as little collections of fine duſt and dirt, when 
carefully viewed, exhibit the moſt wonderful 
conſtruction that the mind of man can ima- 
gine, and fo eminently diſplay the contrivance, 
order, 
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Author of all things, that perhaps a more ſtrik- 
ing ſpecimen of theſe His adorable perfections 
is not to be found in any other part of the vi- 
fible creation. | 
Every tubercle conſiſts of certain ſmall leaves, 
which contain the pods, or true capſules of 
the ſeeds. At preſent I cannot tell the num- 
ber of theſe lite leaves, as I have none but 
dry plants by me, in which theſe appear in a 
diſorderly manner, and curled up like the Fun- 
gus we call Jews Ears. ; 

The pods juſt ſpoken of lie within theſe lit- 
tle leaves in the ſame manner as the flowers of 
the- Moly are Sed within the globule ſcab- 
bard, or cup which ſurrounds them, before it 
burſts and expands itſelf into leaves: at this 
period, theſe flowers reſemble ſo many round 
balls placed upon ſtalks; and the ſame con- 
ſtruction obtains in the pods of the Fern- 
ſeeds, which ſtand within the leaves ſurround- 
ing them, each upon its own ſtalk or pedicle, 
and look in a manner like ſo many flender 
ſtems with large heads. 

To give you, Sir, a ſtill better idea of this 
ſubject, I lay before you a drawing of theſe 
pods, with their foot-ſtalks, and I ſhall add a 
deſcription of them. Theſe ſtalks are ſome- 
times fingle, Tab. LIII. Fig. 11. ccc, and 
ſometimes double, dividing at a little diſtance 
from their roots 4; in this caſe each branch 
carries its own ſeparate pod. 

That end of the ſtalk next the pod, is of 
the moſt ſingular conſtruction that can well be 
imagined ; it there reſembles in that part a 
furrowed or fluted cord eee, which beautiful- 
ly encompaſſes the pod in form of a crown, 
and ſurrounds it like an herbaceous zone; 


ſo that the two hemiſpheres of the pod ſwell 


beyond it on each fide ff. The colour of this 
little cord, when the ſeed is ripe, is of a very 
ale brown, within the flutings ; but the ob- 

— g intermediate protuberances are of a ſome- 
what deeper brown. There are twelve of 
theſe protuberances, beſides ſome certain ones, 
which ſometimes ſpread over the ſurface of the 
pod itſelf. | 

The pod is membranaceous, and very de- 
licate g; and it is conſtantly of the ſame colour 
with the ſeed it encloſes. Near the middle of 
it there is a kind of furrow or lit, which di- 
vides it into two portions. When the ſeed is 
full ripe, the pod which till then, was of a tranſ- 
parent whiteneſs, turns to a blackiſh brown. 

As ſoon therefore as the ſeeds have acquired 
their perfect degree of maturity, and the little 
cord 1s contracted, by drying into the form of 
an extended line, by a kind of elaſtic power, 
it endeavours to form a ſtraight line, Tab. LIII. 
Fig. II. 4h, and by that means, on a ſudden, 
very exactly divides the pod into its ori- 
ginal, two hemiſpheres 111i, ſo as to ſcatter 
with ſome violenee the encloſed ſeeds into the 
air. And when this has juſt happened, we 
may ſee the cavity of the pod divided by lit- 
tle partitions into a number of cells where all 
the ſeeds have been ſeparately formed. 
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All theſe particulars, Sir, may be very dearly 
and diſtinctly ſeen, by examining the feeds 
with a microſcope to the end of ſummer. 
In doing this myſelf, 1 found it neceſſary 10 
bring my head very near them, and I very often 
had the pleaſure of ſeeing a great number of the 

burſt, and ſcatter their ſeed by the force of 
the ſurrounding cord, at that time endeavouring 


to extend itſelf, in conſequence of the contrac- 


tion or criſpation cauſed in it by the breath from 
my mouth, and the heat of my body. 

As to the ſine of theſe pods, it is a hard mat- 
ter to give a drawing of them after nature, on ac- 
count of their extreme minuteneſs, which ren- 
ders them almoſt imperceptible to the naked 
eye. Nay, a dot of fo ſmall extent can ſcarce 
be made on paper with the fineſt pencil: but 
the ſeeds themſelves are of ſo amazing a minute- 
neſs, eſpecially when dry, that the ſharpeſt eyes 
cannot, unaſſiſted, diſcern them at all. I rec- 
koned above forty-one of theſe ſeeds in one pod, 
though it had before ſhed a great number. 

Who then, Sir, can pretend to ſhew in this 
ſeed, as may be done in ſome others, the ger- 
men or bud, the rind or bark, and leaves of the 
future plant? No one certainly; here therefore, 
the Great Creator gives us a complete ſpecimen 
of His excellent work; to exhibit which proper- 
ly, is far beyond the reach of the greateſt genius 
for deſcription and drawing; and it is ſcarce a 
wonder, that the greateſt naturaliſts were fo far 
miſtaken, as to affirm, this plant was quite de- 
ſtitute of ſeeds. | 

I cannot at this time give you a drawing to 
repreſent the true figure of this ſeed, as what I 
have by me are dried up, and ſome of them ap- 
0 larger than others; however, I cannot help 

etting you have one made as well as I could, 
from ſuch a dried ſeed in this cloudy winter ſea- 
ſon. Its ſurface is ſomewhat irregular and angu- 
lar, with certain tubercles on the upper part ; 
which, under the microſcope, appear of a net 
work form, Tab. LIII. Fig. 11. &; but it is very 
difficult to examine theſe ſeeds when expoſed to 
the air, or turned to the light, becauſe they are 
of a deep brown colour, as I diſcovered, by en- 
deavouring to view them in the open air, fixed to 
a hair of my head, which, in compariſon with 
2 ſeeds, appeared like the maſt of a firſt rate 
ip. | 

Neither can J at preſent determine what the 
number of the pods may be, though I believe 
every tubercle contains more than ſixty, from 
whence it would follow, that every tubercle con- 
tained at leaſt 2460 ſeeds. The pods, when 
opened in the middle, plainly ſhew the little ſeeds 
diſtinctly ſtowed up in them, Fig. 11. J; and as 
theſe grains have then acquired the utmoſt de- 
gree of maturity, and conſequently lie looſe, 
they may be eaſily ſhook out of their cells : but 
this is a fight we muſt expect to obtain rather by 
chance, than certainly procure by diſſection; it 
ſo ſeldom happens, that any attempt to open a 
pod regularly is attended with ſucceſs. I can at 
all times ſhew the ſeeds and cords, and every 
thing beſides, which I have here deſcribed, as 
I did ſome time ago to Mynheer Arnold Syen, 


Pro- 


* 


of Amſterdam, who both took great pleaſute in 


contemplating theſe wonders of God in the ve- 


getable kingdom. Tt is my real opinion, that 
the Fungi or Muſhrooms, Corals, and other na- 
tural productions of that kind, have alſo their 
ſecd like the Fern, as I ſome time ago endea- 
voured to demonſtrate in the Coral in particular, 
in two letters wrote to Monſieur Boccone upon 
that ſubject. #1 

I cannot, Sir, find words to inform you with 
what wonderfal order, and in how regular a 
manner, theſe pods burſt under the micro- 


ſcope ; with what force they then ſcatter their-, 


ſceds; or with what a ſurpriſing motion the 
cords extend themſelves; and with what incom- 
prehenfible wiſdom and contrivance, the ſupreme 
Architect has fo diſpoſed every 
part or portion of the burſted pod, ſhould re- 
main fixed to its cord at a particular place, But 
I hope the drawings I ſend, may be found ſuf- 
ficient to give you ſome notion of all theſe things. 
I have found the ſame conſtruction io obtain 
in the pods, ſeeds, and cords, of ſeveral different 
ſpecies of Ferns. : and I make no doubt, but it 
may be found in the Spleenwort, Hartſtongue, 
Hermonites, and other plants of that kind. 
Hence you may conceive, with what rapidity 
theſe ſeeds may be wafted about by the wind, ſo 
as to account for theſe plants being found on the 
tops of the higheſt trees, and on walls, where- 
ever they can find mould enough to take root 


ta, 


The HISTORY ef INS ECTS, 
profeſſot of botany, and Doctor Juſtus Schrader 
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The great obſcurity of the human underſtand- 
ing, 1s clearly proved by this obſervation ; for 
was it not very dark indeed, how could it, dur- 
ing ſo many ages, deny that this plant had either 
ſeed or flowers? inſomuch that it was one of the 
firſt errors taught young people in books, as well 
as heard in converſation, We ought there- 
fore to thank the ſun of divine grace, and 
true fountain of all uſeful knowledge, that we 
are at laſt ſo happy as to attain more juſt notions 
of this matter. Should not this miſtake teach us 
modeſty in our opinions and our judgment upon 


many other occaſions, ſeeing, upon this, the 


moſt penetrating geniuſes have all gone aftray ? 
If we are ſo liable to miſtakes in regard to things 
that lie open to our inſpection, what are we to 
ſay of our opinions of things which are inviſible? 
How many idle notions are formed on ſuch ſub- 
jets? how many ſenſeleſs conceits, with which, 
however, we ſometimes ſo far ſuffer ourſelves to 
be deluded, that we make nothing of injuring 
both in character, and perſon thoſe who happen to 
be of a contrary opinion ? It is therefore abſolute- 
ly neceſſary we ſhould always diſtruſt ourſelves, 
and act with the greateſt circumſpection. In our 
preſent wretched condition, we are ſurrounded 
with ignorance on every fide, and have no other 
true knowledge than that of our own weakneſs 
and imperfections. Of ourſelves we can do no- 
thing; all we have, we receive from the gra- 
cious hands of the Supreme Being, the munifi- 
cent rewarder of good actions, of whoſe divine 
favour, I wiſh you an uninterrupted enjoyment, 
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Explains the changes of the firſt order or claſs, which are repreſented to the eye, by the aſſiſtance 0 
; figures ; for which purpoſe the Louſe is exhibited as an — 11 . of 


N. B. The numeral letters diſtinctly ſhew, after what manner the ſeveral changes ſucceed each 
other; ſome of the figures are repreſented as they are magnified by the microſcope ; the 


reader mult obſerve in 
belong to the ſecond, 


No. IQ HEWS the nit or ſmall egg of a 

Louſe, delineated in its natural big- 
neſs, in which the Louſe is contained ; being 
yet clothed in its firſt ſkin or coat. The ſame 


may be ſeen fig. 1. as it is magnified by the 


microſcope. 

No. II. Is the empty ſhell of the egg, or the 
coat or ſkin, of the nit, caſt off by the Louſe; 
after it has crept out of it. 

No. III. Shews the Louſe juſt excluded from 
its egg, where it plainly appears, how the crea- 
ture has crept out of the membrane wherewith 
it was ſurrounded, in. a perfect ſtate; and is 
not obliged to undergo any further change, 
tho' afterwards it increaſes in bigneſs, and often 
changes its ſkin. Therefore we have named 
the Louſe in this ſtate, an oviform-nymph- 
animal : becauſe it iflues from its coat or ſkin, 
perfect in all its limbs. 

No. IV. Is repreſented the ſame Louſe ſome- 
what bigger, and inveſted as it were in its third 
or fourth ſkin ; which alſo ſoon after is to be 
caſt off, 

No. V. The Louſe, having now attained to 
the full period of its increaſe, in which ſtate 
we called it a nymph- animal; from its being 
then in its laſt ſkin that it ſheds, and indeed we 
meet with ſome inſects in the firſt claſs, which 
are alſo ſomewhat changed about the time that 
they caſt their laſt ſkin, which plainly appears, 


neral, that the ſame method is alſo obſerved in the examples which 
ird, and fourth orders or claſſes of the changes of inſects. 


among other inſtances, in the Longipede, of 
long-legged Spider, the legs of which increaſe 
in length when it is caſting its laſt ſkin. After 
that is caſt, the inſets which belong to this firſt 
order gtow no more, neither are they changed 
in any reſpect; as may be more plainly under- 
ſtood from the figures of the following exam- 
ples of the four orders, undernumber V. and VI, 

No. VI. The Louſe, having attained its per- 
fect ſtate, and being fully grown, ſo that it is 
now capable of generation ; is repreſented fig. 
III. as magnified by the Microſcope, 


FI G. I. 


The egg, or nit of the Louſe, as magnified by the 
Microſcope. 


a The oviform border or margin, with which 
the head of the nit is ſurrounded, within 
which are viſible certain little cups or uvulæ, 
of no regular or determinate figure. Theſe 
cups appear a little bent, and then again ſwell 
out in the middle, as it were into a whitiſh 
_ It is obſervable that theſe cups do not 
wholly fill the internal parts of the border or 
margin with which the head is ſurrounded. 

b Are two tender ſwellings or extuberances, 
wherein are placed the eyes of the Louſe ; 
whilſt its limbs yet remain moiſt and ſoft. 

A | Theſe 


ii A Short Explanation of the TABLES. 


| Theſe eyes, by imperceptible degrees, grow 


browner, and appear through the ſkin, and A gether XIV. 


at laſt become entirely black. 


c Is in whi if 

* fois of the nin} which . 
beating regularly in the fame manner as the 
heart. This little part is repreſented in A. 
VI. by letter , and called by us the pan- 
creas, becauſe it moves up and down with 


the ſtomgch. ry A p 
SCE "FRE - Mg #\ # 
The ſhell of the egg, or the empty nit, and the firſt 
ſhin which the Louſe caſts. | 


The border or margin of the head burſt 
open, with its litile cups or uvatle, and 
turned back by the Louſe's creeping out at 
the upper extremity. 

b The other part of the empty and caſt fkin of 
the nit, from which the border of the head 
is ſeparated, by which means it has the ap- 

pearance of a tankard without its cover. 


6. 


Shews the Louſe placed on its belly, and magnified 
by the microſcope. 


There appears a ſhining ſkin on its head, 
with ſome little holes and divifions. Upon its 
breaſt or back there is an elegant delineation of 
a-ſhield, which is as it were painted in the 
middle; and this ſhining ſkin is ornamented 
with little holes. To the breaſt are fixed the 
legs, which are full of little ſwellings or extu- 
berances, like thoſe on the ſhagreen ſkin ; but 
they become by degrees imperceptible at the 
_ extremity of the legs. By the affiſtance of the 
microſcope it has been diſcovered, that at the 
margin of the abdomen, the ſkin there appears 
alſo painted and rough, with little grains like 
ſhagreen as before deſcribed ; but by the help 
of the beſt microſcope, I have at laſt found that 
the ſkin is really formed of irregular chequered 
work, globules, and ſuch like appearances, 

N. B. In fig. IV, next to be explained, will 
be pointed out by letters all the remaining parts 
of the Louſe, one after another. 


IG. 


The external and internal tranſparent parts and 
limbs which are ſeen in the Louſe, as lying on 
its belly. 


2 The Aculeus or ſucker. 
39 The antennæ or little horns. c The eyes. 
dd The fix legs. eece The claws. 
F The cloven tail, in which the anus is ſeen. 
$$ The white tranſparent veſſels in the belly 
and breaſt, which are properly the ramifica- 
. tions of the trachea. 
I 2 3 4 &c. The ſeven orifices of the pulmonary 
pipes, on one fide of the body, which with 


t part, ia th 
net I. len heb : 
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The Lal, hing en its back, er 


ſeven others on the oppoſite ſide make to- 
5 The large branches of the aſpera arteria, 


I their ingi 
Tech bra int he re 


info of 
e belly, and afterwards communicate to- 


+ > gether by an anaſtomoſis, or inoſculation. 


FIG. v. 


to its natural ſize. 
F 1G... YI. 


We Loufe delineated with the Han off the mi- 
eroſcope, in which thoſe parts twhreh chm not 
be ſhewn in fig. IV, are here repreſented. 


a A brown tranſparent part of the abdomen, 
which is obſerved to be in continual motion, 
with its double tranſparent appendages, which 
are ſtretched far into the breaſt. This brown 

art with its appendages, is properly the 
| in 3 of vim Shoes 
the ſpinal marrow. | 

6 A white ſpot in the middle of the belly; 
tranſparent, which I imagine to be the pan- 
creas. In a live Louſe it appears to be united 
with the ſtomach, and, together with it, is 
moved up and down. n 

Further, in this Louſe, the articulations 
of the legs with the breaft may be plainly ſeen, 
alſo the bright tranſparent pulmonary pipes, 
together with the black eoloured contents af 
the ſtomach. - At the extremity of the abdomen 
appear the double claws, like creſcents, which 


cover the vulva. 


11 


The branch of the aſpera arteria of the Louſe, 
conſiderably hands yet repreſented in its 
natural form. 


a The rings of the trachea, by which it is al- 
ways kept open. 

b The ſerpentinewindings of thoſe rings. 

c The part where thoſe windings appear to be 


interrupted. 


| 4 The part where the rings are largeſt. 


e The part where the rings become ſmall again, 
when the aſpera arteria ſhoots out into ano- 
ther branch. 


FA ſmall membrane in the middle of the rings, 


which properly contains the air, 


i, VUL 


The ſeven orifices or reſpiratory points of one ſide, 


ſeparately delineated. 


1234567 Theſe figures ſhew the natural 


fituation of the reſpiratory points or orifices 
of 


of the au, in ois fide of the bu- 


man louſe. 

0 in the belly, lch 
is The —— poin ya 
K £01 z beyond e m 12 of che Vr 


3 The reſpiratory point in 
TA B. II. 
Fl d. T. 
The blood of the Louſe, 


a a A ſmall glaſs tube, in which the blood of 
- the louſe aſcends. 

b The globules. of the bleod as a appear 
through the microſcope. 


F 16G. K. 
The muſchs of the Louſe. 


a A broad muſcte. 5 Another narrower. 
4 A double-bodicd muſcle. 


FIG. III. IV. and v. 


The fleath or caſs of the aenlens, or fucker, 


the aculeus, the throat, the ſtomach, the pan- 
creas, and inteſtines. 


4 The caſe of the aculeus fwelled out. 

5 The aculeus or ſucker. 

& The caſe of the aculeus delineated a little 
larger, and the whote of it repreſented. 

d Certain claws which are placed at the end af 
the caſe of the Aculeus. | 

e The Aculeus a little bent, 

F The gullet beyond the jaws. 
The ſame a little dilated. 

5 The ſame part where it becomes narrower 
again, and is joined to the ſtomach. 

7 it The ſtomach, which appears to be com- 

ed of certain globules. 
The two hidden appendages of the ſtomach. 

7 ]1 1 The pulmonary pipes of the ſtomach, 

m The ſituation of the pancreas: 

12 3 4 5 Five different delineations of hi 
pancreas. 

n The Pylorus. - The ſmall gut, 

P Þ Þ þ The four ſmall * 

9 The inteſtine colon. 

7 r The dilatation. or extenſion of the inteſt- 
ines, or Cloaca ; where the excrements ac- 
quire their figure. 

s The ſtraight gut. # The anus. 

v The part where the blood firſt paſſes N 
the aculeus into the mouth. 

x A remarkable extenſion, occaſioned by the 
blood's extending the jaws ; there it becomes 
viſible, beyond which the gullet is after- 
wards ſeen, which conveys the blood into 
the ſtomach ; as has been already ſhewn at 
letter J. 


b b Long channels or pipes. 
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| FI G. VI. 6 
The various motion which the flomach make. 
WR ERY 
| The tet 


2 The mannet in which the Qamach canjrach 
itſelf, | iT AA 


3 The fame conrafions N EI 
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The * marrow, 


a a a Three knotty dilatations, or focltings of 
the ſpinal marrow, 


b b b Six nerves-which ariſe from the marrow, 
and extend to the muſcles of the legs. 


c The nerves which ſpring from the hinder 


part of the marrow, and are diſtributed 
through the reſt of the viſcera. 


d d The pulmonary pipes in the membrane of 
the marrow. 

e The beginning of the marrow ifſviog from 

the brain. f The brain. | 

&8 The Dura Mater, with its pulmonary 
pipes. 44 The optic nerves. 11 Tde eyes. 


FIG. VIII 


The ovary of the human Love 


a4 The vulva, or outward aperture of che 
ovary, opening into the lower Part of the 
abdomen, clofed with double plain claws 3 
under which are ſome hairs. 4 

b b The five double extremities 1. 
which form the oviduct of the of $6 2 


plained in the figure of one fide, and are alſo 


ſhewn in the figure on the other fide; as they 


are naturally joined als in one point in 
the body. 


© One of the ten oviduts of the ovary, 
d A perfect egg placed in it. 
e The rudiments of four eggs. 


J The diviſion of the ovary into common 
double 


g The ge oviducts of one ſide, nearly re- 
preſented in their natural ſituation. 
5 The uterus. 


i The egg or nit almoſt at its perfection, re- 
maining in the uterus. 


k k The ſacculus, or bag which contains a glu- 
tinous matter. 


The neck of the uterus. 


m The manner by which the eggs are e lfely 
embraced in the oviduct. 


1 Certain pulmonary pipes which are ſeen in 
the oviduct, 


F 1G. . 


The firufture of the external ſtin, with its vas 
rious appearances under thi mlcroſeqpe. 


a Globular particles viſible in the ſkis, | 
Another 


% 


ö F 1 
iv A Short 


c Another kind of globular particles is ſeen 
among the channels or pipes where the ſkin 
ten 

| uares in gin 0 .. 
e Circular 1 Olobules. 

7 Globules and grooves. en vp OR 
55 The ſkin marked with points or dots. 


The end of the explanation of the figures of the 


Obſervations on Scorpions, repreſented in 
_ - Figures, 
T A B. III. 


M r 


The common Scorpion, and the parlicular parts 
of it. 


4 The head jointed to the breaſt like as in a 
lobſter, is conſpicuous in the fore-part, in 
which are two ſmall forceps or pincers, and 
above are ſeen four eyes; in the middle of 
the breaſt there are alſo two eyes, there be- 


ing fix in all: which may be plainly known 


to be the number of the eyes. 
b 5 Its eight hairy legs, each divided into fix 
Joints. 
cc Twocrooked arms with pincers, each com- 
ſed but of four joints, if you except that 
y which each arm is joined to the breaſt. 
Theſe forceps or pincers are ſometimes found 
broken. 
d The ſeven diviſions or rings of the belly. 
e The briſtly part, compoſed of fix joints. 
F The aculevs or ſting. 


F 1G. II. 
Another kind of Scorpion. 


4 a The crooked arms with their forceps, which 
differ very much from thoſe repreſented at 
letters cc. There are in this Scorpion eight 
diſtinct eyes, in other reſpects it agrees with 
the former. | 


F 1G. II. 


A large kind of Scorpion brought from the Eaſt- 
Indies, in which the parts that were deſcribed 
in the two former are more clearly ſeen, par- 


ticularly the following. 


a The two forceps or pincers placed foremoſt 
under the head and breaſt. 

3 Above which there are, on each fide, fix 
eyes, ſome much larger than others: befides 
theſe there are, in the middle, as it were 
above the breaſt, another pair of eyes. 
There is alſo a remarkable ee in the 
tail; but I am doubtful whether it was fo 
naturally, | 
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A ſmaller kind of water Scorpion, which be- 
© longs to the ſerond claſs or order of chan · 
ges, repreſented in its natural ſiage. 
4 The crooked proboſcis. 
6 The upper pair of wings. 
cc The lower pair of wings. PIT 
d d dd The four legs, with two claws at the 
end of each of them. 
e 2 ok 7 The double tail. 
ne of its nits or eggs repreſented in its na- 
8 aral Goo.” i 
. v 


The water animalcule, in its egg, delineated as it 
appeared under the microſcope, which in Fig. 
IV. liter g, was repreſented in its nit of its 
natural ſize. 


4 The head. 5 The eyes. c c The legs. 
4d The animalcule, with its legs, laid on its 


241 & yy 


back. 
F 1.G, VL | 
The parts of generation of the male water 
ſcorpion. 


a The nervous body of the penis cut off. 

6 The vas differens, as it is elegantly formed 
by nature. | =y 

c Another vas deferens, unfolded. 

d The true vaſa deferentia. 8 

e e The teſticles, conſiſting each of five ſmall 
glands. | 0 

F The veſſels of the teſticles united with the 

ſmall glands of the teſticles. 

g One of theſe veſſels, unfolded. 

5% The ſmall ſeminal veſſels. 


FIG. VII. 


A particular part of one of the oviducts, with 
its eggs, cut out of the ovary of a female wa- 
ter Scorpion, repreſented as magnified. 


aa A particular part of one of the oviducts. 

6 The briſtly appendages of the firſt and loweſt 
88. | 

c The ſame ſhewn in the ſecond egg. 

d The like appearance about the third egg. 


F IG. VIII. 
The egg ſeperately repreſented, more confiderably 
magnified. 4 


a The lower ſmooth and round part of the egg. 
5 The part where the ſeven briſtly appendages 
of the egg begin to grow of a red colour. 

c Where they change to a white colour. 


F I G. IX. 
The largeſt kind of water Scorpion. 


4 Its long and lender body. 
| b b The 


A Short ; Explanation of the T A 5 LE 9, * 


ints to which the 
& arms are united. 


The ornaments of the upper 
wings. 
A B. IV. 
This table exhibits the covered or auen Sail. 
F161... 


| The Snail with all its parts entire, without its 


ſoell. 


44 The two upper antennæ or Horns, with a 
certain black ſpot ; which is the eye, 

b b The two lower horns ; without eyes. 

The outermoſt lips and the mouth. 


d The aperture, through -which the parts of 


generation iſſue ; which is very wonderful. 
e The border or lip of the ſnail. 


F The opening through which the excrements 
are excluded. 


5 The aperture through which the Snail breathes. 


h h The extreme fringes of the Snail, which 
ſerve it inſtead of a foot. 


& The ſoft part of the body of the Snail, on 

which ap the ſame windings as in the 
ſhell, in which the liver is placed in the lar- 
geſt part. 

I The tranſparent heart; ſurrounded with dots. 

1 The Sacculus or alkaline bag ſwelling under 
the ſkin. 


t Tranſparent particles formed like a chain. 
© 10; 
The hard ſein or ſhell of the Snail. 


1 The ſhell or habitation of the Snaii in which 
it hides itſelf. © 


The inciſions or diviſions on the ſurface of 
the ſhell. 


1 
The Operculum or Cover. 


m The operculum of the ſhell of the ſnail, 
which ſhuts up the ſhell in the winter, but 
is again opened in the ſummer, 


. 
A boiled Snail repreſented of a leſs ſize. 


o The alkaline bag ſwelled quite out. 


p The extreme convolutions or windings of 
the liver. 


q The border of the Snail contracted. 
7 The teeth as they -appear under the ſkin 
which is drawn back, and the internal lips. 


FIG. v. 


A part of the firſt pair of horns, repreſented as 
magnified. 

à The eye in the middle of the extreme point 

of the horn, placed a little on one fide, 


b The optic nerve. 
The extreme point of the muſcle of the eye. 


| 4 An interſection of the eye in the middle, be- 


tween the muſcle and the nerve; where che 
eye is firſt drawn in. 


e e e Small glandulous grains Nn the outermoſt 
ſkin of the horn. | \ 

F The inner cavity of the horn, which is ſaid 
to be poſſeſſed of a muſcle and nerve. 


F I G. VI. 
The brain, nerves, and muſcles. 


I 2 3 4 The four horns inverted. 
a a The muſcles of the larger horrs. 
6 The two ſmall muſcles of the leſſer horns, 


cc The four horns of the lips, from er the 
two little ones ſpring. 

d The brain. 

e The ſkin drawn off the head, by which the 
hinder brain is moved when the Snail rolls 
the {kin out again 

F The part in which the teeth are fixed, de- 
ſcribed by dots, which are of a ſubſtance be- 
tween horn and bone, and formed like a pear. 

g The parts of the jaws, mouth, palate and 
tongue, which are all moveable, and drawn 
within the body. 

h A particular part of the ſtomach and gullet. 

11 The ſalival veſſels. 

k The optic nerves of the upper horns. 

[ I The membranes which extend, and are 
fixed to the optic nerves. 

m The part of the muſcle in which the optic 
nerve is inſerted, 

a The ſpiral windings of the optic nerve. 

0 The muſcle, whichinvolvesthoſenerves, open. 

þ The extreme ſwelling of the optic nerve. 


7 The eye placed in the extremity of the op- 
tic nerve. | 


The nerve of the lower horn of one ſide, 

s The origin of the nerves of the lower horns. 

t Two nerves which are diſpatched to the lar- 
ger horns. 

v The two nerves of the mouth, jaws, and 
palate. 

x Part of a muſcle which draws the nerves of 

the mouth together with the jaws, tongue, 


palate, and brain, inward, at once ; in a yery 
wonderful manner. 


FIG. VII. 
The eye, with its particular 


as magnified. 


rts, repreſented 


a The external figure of the eye. 

b b b A muſcle which embraces the optic nerve, 
unfolded, like a gray-coloured membrane. 

c The nerve itſelf, in which the eye is fixed. 

d A part of the inverted horn. 

e The inverted cavity of the horn. 


F The part where the muſcle is faſtened in the 
nerve. 


B F I G. 


vi A Short bunden of "the T A BEE IJ 


F 1G. VIII. 
The three b of the 9% 
a TW needles with which the tunica Wes, 
lying under the microſcope, is pricked. 


The aqueous humour ie from the wound- 
. ded eye. | 

c The vitreous humour flowing out in the 
ſame manner. 


d The cryſtalline humour iſſuing like the others. 
T A B. V. 
F096 3 
The open ur of the mouth and Jas. 


a The external ſkin in the form of teeth. 

6 The tooth, placed high in the mouth, cut, 
with the kin, from one fide, expoſed to 
view. 

c The tooth ſpread out into horny bony points, 
like needles. 5 

d The falival veſſels, with their openings. 

e The inner lips, behind which the mouth 1s 
folded together. 

VA cartilage which covers the tongue, when 
the Snail ſwallows its food, under which the 
tongue may be ſheltered in the cavity. All 
theſe parts are ſhewn, unſeperated, Fig. IV. 
Letter 7. 


FI. I 
The Toth. 


a The whole Horny bopy coalition of the teeth. 
b The eight prominent teeth of it. 
The crooked creſcent form of the teeth. 


I 


Tbe tongue, and certain muſcles. 


a The tongue, taken out of the mouth. 

b The root of the tongue, with its ſituation ; 
the tongue itſelf, as it appears, where all the 
parts of the jaws and mouth are reclined to 
the other ſide. 

c The two horny bony teeth in the acute ex- 
tremity of the tongue. 

d The three muſcles, which move the parts of 
the gullet and mouth forward. 


. 
The Wart, its auricle, and the blood and ſal val 


veſſels. 


a The reins, which are viſible in the internal 
membrane of the border of the Snail, as 
they are derived from the trunk of the vena 
cava. 

b The aperture of the border. 

c The heart with its two valves, and fibrous 
columns. 


1 — N my owt 217 SS 
e Alkaline its ar 
the heart. by, a 1 been ee 


F The ftraight ye, near which Hin the ph: K 
the alkaline bag. 
g The ſpreading branch of the great artery. 
Certain __ branches and Pigs of the 
great artery. * USE 
7111 The fda on —1 tha of the 
body repreſented by dots; that the ſituation 
of theſe parts may. be the 11 exactly de- 
monſtrated. Here may be further er 

2 The oblong grooves or channels of the ſto- 
mach. . N 

0 0 The ſalival veffels. 

7% The trunk from Which thb te weft 


ſpring. 
ſmall veſſel which runs over that Wan. 
7 All the parts of the mouth. | 


r 1e. v. al 
The alkaline bag. 
& That part of the alkaline bag which is con- 
need with the Pericardium.. __ 
I The angle where the alkaline bag is con- 
nected with the inteſtine and liver. 


m Another part of the alkaline bag adjacent to 
its own pipe, and of a wateriſh colour. 

N. B. We have joined in one Table the Fi ig. IV. 
and V. che explanations of which are here 
ſeperated, becauſe though we found, in the 
author's manuſcript, the explanation of Fig. 
V. by itſelf, yet we could not meet with the 
figure itſelf apart in the Table; but that does 


not ſignify, as it may be underftood by the 
fourth figure. 


FIG. VI. 
The flomach, inteflines, und lier. 


a The extreme winding of the liver. 

bb b The lobes of the liver, where it ap- 
pears at once, after what manner the in- 
teſtines are wound about ; a certain part of 
it, with the ſtomach, is repreſented out of 
its place. 

c The ſtomach. 

e The ſtraight gut. 

F The paſlage of the inteſtine into the border. 

be part where the biliary ducts empty them- 
ſelves into the inteſtine. 


d The Pylorus. 


FIG. VII. 
The ſame parts repreſented, as reviewed from the 
other , 
a The liver. 6 The inteſtines. 
c The ſtraight gut. &@ The ſtomach 
FIG. VIII. 
The biltary ducls. 


a The naked biliary ducts, with a ſmall part 
of the liver, | 
F The 
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ane 1 o 17242 MTI 
m f ef * Ee. iT; 
4 Several veſſels of the une apm dre 
* 6, ape | 
If FIG. 8 Hal TG AAS 
| The genital arts of th 25 . 
4 The penis. 
b 6 The length « 2 the penis, and the extreme 
point of it. | Toy 
ccc The uterus: 14 Th y. 3 
e The teſticles, which are fmall flatments that 
ſpring from two trunks, 
F The hidden appendage of the uterus. 
The common duct between the Neu and 


uterus. 
5 The oblong vas FIR 


. _— — 


1 Its finial tube, Which opens itſelf into the 


uterus. 

2 The peer Bee little ball, in which the 
purple Snail keeps its purple liquid. 
I A little part twiſted like a chain. 


m lts duct, or little pipe. 


ann The ligament o eus. 

o The miſc which leads the pems outward. 
5 The muſcle which draws the penis in ward. 
g The nerve of the penis, | 
r The mouth of the volva: 

s The broad muſcle of the uterus. 

f The flender muſcle of the uterus, 

v The nerve of the uterus. 

2 The extremity of the chain-like little part. 


F I G. XI. 
We teſticles. 


x The little tubes of tlie teſticles, conſiſting of 
filaments, of which ſixty-ſix are reckoned. 


FI G. XII and XIII 


The blind appendage of the uterus opened, with the 
ſaline bony contents, 


y The blind appendage of the uterus divided 
in the middle, between which the faline 
bony part, which Teadity ferments in aqua 
fortis, 1s ſeen. 

The root of the ſaline bony part, by which 
it is joined to the muſeular and nervous pear- 
ſhaped globule. 


6 The * ſmooth part of it, which is all hol- 


low; and by degrees becomes more ſlender 
and acute. 

c The pear-ſhaped Sele. to which the ſa- 
line bony part is fixed 

N. B. Here again we have marked a ſingle fi- 
gure with a double number, becauſe we 
could only find, in the Tables, the XIIth 


* 


= thbugh in the body ö the work, 
| in 


the tort explanations of the tables, 
we find the XIIIth quoted: but this is of 
- ſmall importance, as the figure which we 


have given contains all the particulars that 


we want. 


1 0. XIV. 


4 NI ball r: ſab 7 
wor N as ai Lon e . . 


4444 The four: margins, or ſurroundihg backs. 
e The cavity ſtretched out in we middle of 
the boney part. | 


FAO XV, 
The chain-like part. 


a The extremity of the chain-like part un- 
folded, in order to ſhew its conſtruction. 


F IU. XVI. 
The uterus. 


r Exhibits the cavities of the uterus blown up, 
in order to ſhew how the diviſions of it are 
formed. 


© 10. VU, 


a Here are ſeen in the neck of the-amorous 

- Snail, the external opening of the valva, or 
genital parts, which with the part under the 
penis, and the appendage of the uterus, to- 
gether with all the ſpermatic veſſels have 
been already repreſented in fig. X. let. 7. 


F I G. XVII. 


The penis and uterus tbemſelves turned out and 
erected. 


The penis and uterus turned out and erected, 
and ſtretched out beyond the neck. 
11 The two upper horns. 


k One of the lower horns, which is mon. a 
little removed from its place. | 


FIG. XIX. 
The penis, and internul ovifice of the teumb. 
c The penis only, not wholly, turned out of 


its cavity, and erected. 

The internal orifice of the womb allo a little 
turned out, and extended out of the neck. 
The lower horn removed From its place, to- 

ward the -horn of the other fide, 


& &$.- 8 © St 
Of therr copulation. 


e The penis of one of the Snails rolled out. 
F The apperture of the uterus of the other 
Snail, admitting the penis of the former. 
g The 


— 
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F 1G. VIII. 
rhe tee Hr of te ye 


a Two needles with which the tunica bes, 

lying under the microſcope, is pricked. * 

5 The aqueous humourifſuing from the 8 
ded eye. 

c The * Humour flowing out ih the 
ſame manner. 4 

d The cryſtalline humour ifluing like the others. 


TA B. V. 
F 1 G. I, 
The open parts of the mbuth and jaws. 


a The external ſkin in the form of teeth. 

6 The tooth, placed high i in the mouth, cut, 
with the "kin; from one ſide, expoſed to 
view. 

c The tooth ſpread oi out into horny bony points, 
like needles. - 

The falival veſſels, with their openings. 

e The inner lips, behind which the mouth is 
folded together. 

FA cartilage which covers the tongue, when 
the Snail ſwallows its food, under which the 
tongue may be ſheltered in the cavity. All 
theſe parts are ſhewn, unſeperated, Fig. IV. 
Letter 7. 


Fi. . 
The Tooth. 


a The whole horny body coalition of the teeth. 
b The eight prominent teeth of it. 
c The crooked creſcent form of the teeth. 


III. 


The tongue, and certain muſcles. 


16. 


a The tongue, taken out of the mouth. 

þ The root of the tongue, with its ſituation ; 
the tongue itſelf, as it appears, where all the 
parts of the jaws and mouth are reclined to 
the other fide. 

c The two horny bony teeth in the acute ex- 
tremity of the tongue. 

d The three muſcles, which move the parts of 
the gullet and mouth forward. 


FT IF. 


The Mart, its auricle, and the blood and ſalival 
veſſels. 


2 The reins, which are viſible in the internal 
membrane of the border of the Snail, as 
they are derived from the trunk of the vena 
cava. 

The aperture of the border. 

c The heart with its two valves, and fibrous 
columns. 
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V The Haight put weer xder dun we fe er 


1 Tue duricle er the henrt. Kell ow dT 
e Tue akeline dag, in ies 
the heart. 


the alkaline bag. 

g The ſpreading Fang of the great artery. 

5 Certain large branc es and ſprigs of the 

great artery. OO TE 

7117 The e e and * of the 
body repreſented by dots; that the ſituation 
of theſe parts may be the more exactly de- 
monſtrated. Here may be further obſerved : 


2 The oblong grooves or 9 of the ſto- 
mach. 4 


0 0 The falival veffels.” 
5 5 The trunk from Which 817 ae tech 


ring 
„ Fo Coal veſſel which runs over that frank, 
. All the parts of the mouth. wed 


F I G. v. | 3 
The alkaline bag. 
L That part of the alkaline bag which is con- 
nected with the Pericardium. 
The angle where the alkaline bag is con- 
nected with the inteſtine and liver. 
n Another part of the alkaline bag adjacent to 
its own pipe, and of a wateriſh colour. | 
N. B. We have joined in oneTable the Fig. IV. 
and V. the explanations of which are here 
ſeperated, becauſe though we found, in the 
author's manuſcript, the explanation of Fig. 
V. by itſelf, yet we could not meet with the 
figure itſelf apart in the Table; but that does 


not ſignify, as it may be underftood by the 
fourth figure. 


FIG. VI. 
The flomach, inteſtines, und liver. 


a The extreme winding of the liver. 

bb b The lobes of the liver, where it ap- 
pears at once, after what manner the in- 
teſtines are wound about ; a certain part of 
it, with the ſtomach, is repreſented out of 
its place. 

c The ſtomach. 

e The ſtraight gut. 

F The paſſage of the inteſtine into the border. 

$ The part where the biliary ducts empty them- 
ſelves into the inteſtine. 


4 The Pylorus. 


F 16. vn. 
The ſame parts repreſented, as reviewed from the 
other 


a The liver. The inteſtines. 

c The ſtraight gut. @ The ſtomach 
FIG. VIII. 
The biltary ducts. 


a The naked biliary ducts, with a ſmall part 
of the liver, 
b The 
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B The Nithiath:”' r The nin bet. 24 
4 The ſtraight gut. | 4 # . hos W a 50 Ts 
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} 5 The length 2 the penis, and the extreme 

point of it. A 
c cc The uterus; 14 i Wr. 


e The teſtides, which art ſmall flaments that 
ſpring from two trunks. 
F The hidden àppeidage of the uterus. 
The common duet between the ks and 
uterus. | 
h 5 The oblong vas deferentia. 
7 Its fhiall tube, Which opens itſelf into the 
uterus. 
& The 2 fittle ball, in which the 
purple Snail keeps its purple liquid. 
1A little part twiſted like a chain. 
mM Its duct, or little pi 
ann The ligament o the uterus. 
o The mitiſcte Which leads the pems outward. 
7 The muſcle which draws the penis in ward. 
7 The nerve of the penis, | 
7 The mouth of the volt. 
s The broad muſcle of the uterns. 
t The flender muſcle of the uterus, 
v The nerve of the uterus. 
2 The extremity of the chain-like little part. 


Fi G. XI. 
The teſticles. 


x The little tubes of the teſticles, conſiſting of 
filaments, of which ſixty-ſix are reckoned. 


FI G. XII and XIII 


The blind appendage of 'the uterus opened, with the 
ſalrne bony contents. 


y The blind appendage of the uterus divided 
in the middle, between which the ſaline 
bony part, which Teadity ferments in aqua 
fortis, is ſeen. 

4 The root of the ſaline bony part, by which 
it is joined to the muſeular and nervous pear- 
ſhaped globule. 

2 The fine ſmooth part of it, which is all hol- 
low; and by degrees becomes more ſlender 
and acute. 

ec The pear-ſhaped lobule, to which the ſa- 
line bony part 1s Red. 

N. B. Here again we have marked a-fingle fi- 


gure with a double number, becauſe we 7 


could only find, in the Tables, the XIIth 


vil 
. in the body of the work, 

din . 25 explanations HN the tables, 
we find the XIIIth queted : but this is of 
ſmall importance, as the figure which we 


have given contains all the particulars that 


I O. XIV. 


A partic 2 E fem, or ſabne 2 part, 
2 ſeen by the microſcope. 


dddd The four margins, or ſurrounding backs. 
e The cavity ſtretched out in the middle of 
the boney part. 


FIG XV. 
The chain-like part. 


a The. extremity of the chain-like part un- 
folded, in order to ſhew its conſtruction. 


F 10 IXYT 
The uterus. 


r Exhibits the cavities of the utęrus blown up, 


in order to ſhew how the diviſions of it are 
formed. 


F 1G. XVII 


a Here are ſeen in the neck of the-amorous 
- Snail, the external openin F the valva, or 
genital parts, which with art under the 
penis, and the appendage of the uterus, to- 
gether with all ſpermatic veſſels have 
been already repreſented in fig. X. let. 7. 


FIG. XVIII. 


The penis and uterus themſebves turned out and 


erefed, 


The penis and uterus turned out and erected, 
and ſtretched out beyond the neck. 

11 The two upper horns. 

E One of the lower horns, which is won: a 
little removed from its place. 


FIG. XIX. 
The penis, and internul orifice of the worth, 


c The penis only, not wholly, turned out of 
its cavity, and erected. 

4 The internal orifice of the womb alſo a little 
turned out, and extended out of the neck. 
The lower horn removed from its place, to- 

ward the-horn of the other fide. 


F I G. XX. 
Of therr copulation. 


e The penis of one of the Snails rolled out. 
The apperture of the uterus of the other 
Snail, admitting the penis of the former. 

g The 


9 4 


VIII 
The aperture of the uterus of the firſt Snail, 

" which in like. manner admits the penis of 
ehe cen Sa , e 
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The brain and 
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a All the parts of mouth, jaws and palate. 

5 The gullet cut off, The brain. 

d d The beginning of the ſpinal marrow, divi- 
ded into two ſtrong nerves. 

e The knot or ſwelling formed by the nerves. 
F The muſcle by which the knot, or ſwelling 
of the ſpinal marrow is inwardly moved. 

g The two parts of the muſcles, which belong 
to the inward lips of the mouth, which are 
inſerted by ſome tendons in the knot or ſwel- 
ling of the ſpinal marrow, and which, toge- 
ther with the nerves, the muſcles draw with- 


in the body. 


hh A pair of nerves which are ſeen in the 


mouth, jaws and palate. 

11 A pair of optic nerves. 

k k A pair of nerves which reach to the roots 
of the horns and to the ſkin. 

] 1. The nerves of the lower horns which ariſe 
from the former pair. ; 

Mmm Two tender nerves, which reach to the 
muſcles of the ſkin and head, cut off. 

nn A pair of nerves ſituated under the parts of 
the mouth. 

00 Other pairs of nerves which are diſpatched 
to the muſcles of the neck. 
A nerve which reaches to the ſpermatic veſ- 
ſels, to which alſo a ſmall part of the penis 
adheres, | 

9 The nerves which are diſtributed thro' the 
membranes of the neck. 

r The nerves which are diſpatched to the 
muſcles at the ſides of the body. 


s A nerve and muſcle which reach to the 


uterus. 
f A nerve of the verge ſtretched inward to the 


right fide. | 

vA like nerve on the left fide. 

x The nerves fixed in the tendons of the two 
ſtrong muſcles, which move the middle of 
the body. See fig. 11. 2 of this Table. 

The nerves which reach to the verge of 
the foot of the body. | 

2 Some of theſe nerves cut off from the right 
fide are omitted, to avoid confuſion. 


F 16. . 


The muſcles of the Snail. 
a The part of the ſtony bone or ſhell of the 


Snail, where the muſcles are inſerted. 
b b The inſertion of the two ſtrongeſt muſcles 
of the Snail, by the aſſiſtance of which it 
creeps and moves. 
e The part where theſe muſcles ſtretch the tail 
itſelf backward or inward, and which paſs 


under the pillar of the ſhell, 


A Short [Explanation of, the L A BLE S. 
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4. The part where the muſcles of the yerge ag 
inſerted.” | 


; ; „ op mi oc 7] 
e The muſcles which draw in all the parts f 


the mouth, jaws and Paid | 
F The acute extremity of the tongue. 
3 The baſis or root of the tongue. 
5 The muſcles of the eyes. 

1 The curled foldings of the nerves among 
thoſe muſcles. bete 
EE A part left of the firſt pair of horns, till 
adhering to the muſcles. _. = 
I } A pair of muſcles which draw the lips and 

the knot or ſwelling of the ſpinal marrow 
27% inward. Ba ic * N 1. 
m m The muſcles of the lower horns, which 
ariſe from the former pair. 
un Two ſtrong muſcles which draw the middle 
of the body into the ſhell. _ 3 
o The part where they are inſerted. 
5 The internal ſurface of the ſhell, in which 
its ſpiral windings, cells, and circumyolutions 
we Ren. . | 8 
7777 The fringe or border, or foot of the 


Snail. 


7 The cavity of the pillar. _ 
„ 
The convolutions, or windings of the ſhell. 


a The outward opening of the ſhell at which 
the Snail creeps out, and the winding which 
forms the firſt cell or inward diviſion. 

5 The ſecond divifion. c The third. _ 

4 The fourth. e The fifth and laſt. 


FW. 
The internal part of the ſhell broke open. © 


12345 Are ſeen the inward windings of 
the ſhell, when all the partitions are broke 
open. 


. 
De Pillar. 
a The upper aperture and windings of the 


pillar. 
5 The lower aperture of the pillar, which may 
be ſeen more plainly in fig. 11. r. 


F 0. YL 
The Pillar. 


c The aperture, the ſpiral windings, and the 
conſtruction of the pillar diſtinctly repre- 
RRC. 

FG. VB, 


Shews in what manner the greater or kſs divifions 
of the ſhell may be formed, as it is broken off 
from the pillar and its partitions. 


d A part of the ſhell broken off, almoſt to the 
end of its ſpiral winding. | 
e F Two others, leſs broken 
TA VI. 


N 
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A Short Explanation of the TABLES 


a DU B. VI 5's - 
F 1 G. v I. 
| LY os 
The Turbo or Verticillum. 


« The beginning of the windings of the Turbo. 
5 The er thoſe windings. N * | 


FIG. II. 
The voluta, or the cylinder or pyramidal Snail, 
a The opening or entrance of it. 


Where it becomes narrower. 
c Another convolution or winding. 
d The pillar and the other rn, ſpiral wind- 
ings of it. 
F 1G. III. 


The Concha Veneris, 


a The entrance divided into little teeth. 
5 The windings round the pillar, 


by 


F1G. IV. 
The pencil Snail. 


a The outward entrance of it. 


b Another of its winding diviſions; | 
c The third. 4 The fourth. e The fifth. 
F The ſixth. g The ſeventh. 

FIG. V. 


De tubular Snail. 
a The beginning like a plain tube or inteſtine. 
6. Its ſpiral windings and convolutions, 


FIG. VI. 
The tubular Snail. 
cc The cavities which the tubular Snail forms, 


when the partitions of it are gradually con- 


volved together, and applied one to another. 
But if their cavities are joined to others, the 


cavity of the pillar is thereby formed. See 
Tab. VI. Fig. II. . 


F I G. VII. 


A Snail like the Cornu Ammonis, 


a The hollow perforated partition in the be- 
ginning of the Snail, 

12345 &c. The diviſions of the Snail, which 
are formed by the various number of the 


itions. 
"or F I G. VIIL 
The partitions, with the naked ſurrounding ſhell, 


bb Six partitions, from which the outward 


ſhell is removed. 


The part where the little tubes of the parti- 


tions are mutually received. 


be 


10. M. 
of partition, with iv jb tube repreſented of « 


Te. 
d d d The extreme compaſs of the partition, 


e The aperture of the partition which leads to 
the little tube: 


F The perforated handle, or little tube of the 


partition. 
1 
Three partitions of different fixes, which mutually 


receive each other. 


g The little tube of the firſt partition, fixed 


into the little tube of the ſecond partition. 
5 The little tube of the ſecond partition, fixed 
in the tube of the third partition. 


iii The partitions, with their little tubes 
gradually decreaſing in ſize. 
F 1 G. XI. 


The oval Turbo, with its windings turned contrary 
to thoſe in other Snails, 


a The entrance opening into the oppoſite fide, 
_ obliquely winding aſcends towards the 
eft, 


„ 


510. I. 
The little Turbo. 


a The ſhell of this Snail, with its windings 
turned the contrary way. 


Part of the body of the Snail creeping out of 
the ſhell. 


c c Its two larger horns, in which the eyes are 


placed, 
FIG. Il 
The ſhell of the Snail repreſented, and of an en- 
larged fize; 


a The entrance extended to the oppoſite ſide; 
6 The aperture of the pillar. 


ccc The ridges, or ribs of the ſurface, 
FIG, III. 


The ſhell of the ſmall Snail, found under the 
barks of the Willow. © 


a The ſhell of the ſmall Snail ; a little flatted, 


FIG. IV. 
The ſmall water oval Snail, 


4 The oval channelled ſhell of the Snail, 

5 The hinder part of the ſhell convolved into 
a double ſpiral winding. 
C | c The 


X 
c The body of the Snail which creeps out from 
thence, marked with black points or ſpots. 

d The two obtuſe horns, in which the eyes arc 
are placed, alſo the upper, lower, and 

er horns. 
| FR. 
The garden Snail. 

4 The aperture of the genital parts, placed a 
little lower in the neck than in the common 
Snail. | 

b b The uterus. 

c The ligament of the uterus. 

d The bag which holds the glutinous moiſture. 

e The chain-like little part. 

F The little legs in the ovary. 

g The extreme ſpiral part of the liver. 

The e little not. 

i The other ſmall tube of the purple little part. 

The connexion of the purple little knot with 
the uterus, f 

] The blind appendage of the uterus. 

mn The teſticles - | 

„ The alkaline little bone. 00 The penis, 

p The muſcle which draws the penis. 

9 The common duct between the penis and 
uterus. 

The acute end of the penis, curled into vari- 
ous windings. 


_ #3 Or: YL 
Two garden Snails, in the act of coition. 
a The penis of each wonderfully twiſted to- 


gether. 
| b The penis of one of the Snails infinuating 

itſelf into the 

c Uterus of the other. 

4 The penis of the other Snail, in like man- 
ner, inſinuating itſelf into the 

e Uterus of the former Snail. 
The aperture and diviſions of the verge, as 
ſeen in this Snail, at this time. 
At the ſame timemothing is ſeen of the verge 
in the other Snail. 


F I G. VII. 


The naked houſe Snail. 


a The upper horns, which have eyes. 
þ b The lower horns, which are much ſmaller. 
ce The velabrum, or eminence which is fixed 
to the body. 
d The aperture in the neck, through which 
the genitals are extended. 

e The aperture of the velabrum, by which the 
Snail breathes, 

F The prominent part of the tail, like a cock's 


comb, | 
F I G. VIII. 


The Snail ſtone. 
4 The hollow like Snail ſtone. 


/ 
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5 The ſurface of it, interwoven as it were 
with veſſels. 


Nr. . 
The genital parts of the bouſe Snail. 


a The three apertures of the genitals, ia the 
neck, which unite in one paſſage on the 


outſide. E e821 
cc © The uterus. 


b The penis. 

4 The purple bag | 

e A ſmall filament, which reaches from the 

nis to the ligament of the uterus. | 

F The ligament of the uterus. - | | 

The ſmall eggs ſticking in the womb. +. 

A bag, containing a glutinous matter. 

ii A chain-like little part. 7 

& The ovary. 


AN Bx-*- 
F'IG. I. 
The field or path-way Snatl. 


a Its larger horns. 
6 The aperture of the velabrum, or the emi- 
nence, by which it breathes, and diſcharges 


its excrements. | 


c c Glandulous triangular protuberances, which 
riſe obliquely from the body. 


d 40 gloſſy red verge which ſurrounds the 
y. 
FIG. II. 
The internal parts of the field or path-way Snail. 


a The mouth and palate. 

b b The larger horns drawn in. 
c The ſkin of the head divided. 
d The gullet. e The brain. 


F The beginning of the ſtomach. 


g The falival veſſels. | 
5% The glandular corpuſcles, from which the 
ſalival veſſels ariſe. 
i The ſtomach covered with veſſels. 
E The inteſtines. { 1 I The liver. 
m The large gall-bag, which diſcharges itſelf 
into the inteſtines. 
n The aperture of the genitals in the neck. 


» The penis. 
p The little tube which opens from the penis, 


into the uterus. 
The purple bag. 
: The Fd 2 of the purple bag, which is 
inſerted in the penis. 
s The ſtrong and thick origin of the uterus. 
The ſlenderer part of the origin of the uterus. 
7 u u u The uterus itſelf. 
x x x Whitiſh veſſels, which connect the 
uterus and its ligaments. 
yy The glutinous bag. 
2 The chain-like little tube. 
« The ſmall gut, # Theovary. 
The heart in its place. 5 The alkaline bag. 
F I G. 


FI G. II. 
The ovary of the field or path-way Snail. 


The ovary large and expanded, as it appeared 
, on, __ after coition. * 
ittle eggs, viſible in the ovary. 

c The chain- ike little part. 


F 1 G. IV, 
The common water Snail. 


 @ Its turbinated ſhell. _. 
'b b The eyes placed at the bottom or root of 
the horns. 
© © The horns, which terminate in ſharp points, 
d The aperture of the verge. 
e The aperture through which the penis comes 
out, 
F The opening of the uterus. 
g The verge fitted to the internal ſurface 
round the ſhell. 
5 The tooth. 
ii The body, by which the Snail creeps and 
fans. - 


F1G V. 
The internal parts of the wonderous viviparous 
Snail, 


4 The Snail taken out of the ſhell, 

5 The head. cc The horns. 

4d The eyes. e The vulva. / The gills. 
The verge. 

5 The windings of the body. 

iii The part which ſerves as a foot. 

E The cover of the ſhell, which is placed on 


the foot. 
FIG, VI, 
The internal parts. 


a a The cover of the Snail preſſed cloſe a- 
gainſt the fore parts of the body. 

6 The horns and mouth contracted. 

c The Vulva. 


d The fringe or margin, beautifully folded. 

e The end of the ſtraight gut. 

F The gills. 

g The uterus, open; containing che living 


fetus, 
F 1 G6 Tk 
The little Worm found alive in the wonderous vi- 
viparous Snail, 


a The oblong figure of the Worm. 
5 The oblong tranſparent furrows or ridges 
which appear in the body of the Worm. 


F I G. VAL 


Two ſmaller Worms, which iſſued out of one of d 


the Worms in diſſetting. 
4 Its thick head. b The flender tail, 


A Short Explanation of the TABLES. wi 


A ſmall live Snail, found in the uterus of the 
vi viparous Snatl, 


a The ſize of that ſmall Snail, equal to that of 


a common pea. 
A8. X. 


The beautiful conſtruction of the ſhell. 
ccc Seven rows of briſtly hairs; with 
which it is ſurrounded. 


FIG. XI. 
Perfect eggs found a wid Fa viviparous 
nail. 


a a a The little nayel-ſtring by which they are 
fixed to the uterus. 

6b The double navel-ſtring of one of the eggs. 

ccc A ſmall Snail, ſticking in an egg. 

dd The ſame taken out of its egg. 

e A Snail, ſticking in its egg, which fell to the 
bottom, when the ſhell was ſuſpended by its 


ſtring. 
r 


A ſmall Snail taken out of its egg, and — 
nified by the microſcope. 5 
a a Its eyes, black like pitch. 


5 The horns. c The mouth. 
d The reſt of the body. 


e The operculum, or cover annexed to the tail, 
F The ſhell of the ſnail, | 


FIG. XIII. 


The ſhell of the viviparous Snail, repreſented in 
its natural fize, cleared of its foulneſs and pe- 
riofleum ; in order to fhew, the more diſflintth, 
its form and conſtruction. 


F I G. XIV. 


The ſea Snail, called by the Hollanders Aliekruyk 
4 they are pb among muſcles. — 


a The Snail itſelf, with its little horns, eyes, 
and foot. | 

5 The part where the ſhell of this Snail is of a 
globular form. 

c Prominent hollows or channels on the ſur- 
face of the ſhell. 5 

I 2 3 4 5 The windings of the ſhell, 


F16..x0, 


Another ſpecies of the Snail, called Aliekruyk, 
commonly fold in Amferdam. 


A kind of wreaths, which ſurround the 
ſhell, adorned with a colour like that of 
muſk, in the interſtices of which the ſhell 


appears green, a 
e Five 


e Five oblong, crooked, bollow r 
- eaten through by worms. « 


F 44G, l.. 


One of hs worms which car through the ſhells 
of the Snails, repreſented of its natural fize. 


F 1G. XVII. 
The ſame Worm, e e. 


*. 


en. 


4 The head. b The tail. feds 
c c Many ſmall hairs on each fide be buy; 


F. IG. III. 
The Snail, called Aliekruyk, repreſented as mag- 


a The head. and na. 6 6 The horns, 


cc The eyes. 4d The foot or verge. 
e The cover of the Snail, of which only a ſmall 


part is ſeen. 


F The ſhell very large, with its wreaths worn 


. out, 
FIG. XN. 
The cover of the Snail, repreſented as magnified. 


The cover, whoſe convolutions are formed 
like the windings of the ſhell. 


FIG. XX. 


The tongue of the Snail, called Aliekruyk, of its 
natural fixe. 


5 The fore part of the tongue, ſituated in the 
mouth. 

7 The part of the tongue placed within the 
body, beautifully folded in ſerpentine wind- 
ings. 

a 1 
FI G. I. 


The ſmall water Turbo. 


2 The ſhell of the ſmall water Turbo, which 
is formed very like the viviparous Snail, 


I 
The umbilicated marble water Snail. 


a The fore part, formed like an umbilicus, or 


navel. 


5 The oval broader part. 


FIG. III. 
The flattened water Snail. 


b b The verge or foot. 


4 4 The two lips. 
d d The horns. 


cc The black eyes. 
e The long flender body. 
F The air hole in the verge. 
The aperture of the genitals. 
150 The hell of the Snail flat on the left aſide, 


A Short Explanation” of the TN BLE S. 


The right ſide of che ſhell, ich ia con 


FH G Im 
The ather., fide . eee of the, 


cave, and, linking i in the pn Is «rolled 
into ieſelf, LOL IY 
"ELON as 


We fuel 6 6084" Snail 
4 A ſmall margin, which mount the ſhell. 


"To" VI. 
The freſh water Muſcle, fund in the rivers in 
Holland, 


44 The lips or verge which ſurround the whole 


17 TK. pls of the muſcle. 


d d dd The four ſmall gills. 
e The hard part of the body. 
F The ſoft part of the body. 


FI G. VII. 


The infide of the ſhell of the Muſcle repreſented. 


a The part, in the acute extremity of the ſhell, 
where the muſcle is faſtened. 

6 The part in the thick or broad extremity of 
the ſhell. where the muſcle is faſtened; where 
are viſible four ſmall holes. 

ccc The part where the mouth of the muſcle 
is faſtened, 

d The ſpiral winding of the ſhell. 

e e The two eminences, by the help of which 
both valves are ſtrongly joined together, 


as by ginglymus. 
FIG. VIII. 


The Phyſalus laid on its back, in order to exhibit 
the wrinkles on its belly. 


a a a Twenty-eight of the greater, and ſome 
of the leſſer external, parts, extant on each 
fide of the body, and from which there 
- ſpring black ſtiff "briſtles, of which there is 
but one fide to be ſeen in this place. 

z i 7 Some woolly hairs like down, of a gold 
colour, and placed under the parts, con- 
taining the lateral briſtles. But I have here 
omitted theſe briſtles, in order to render the 
hair itſelf more conſpicuous. 

I The opening of the mouth, above which 
appears a kind of beard, like that of beard- 


ed fiſhes, 
N 
One of the above eight and twenty greater exter- 
nal parts, ſe ad from the body, and exhi- 
bited by itſelf, with its black briſiles. 


pillæ, or nipples 


- cc cc The four lar ge gills. 


2 An Articulus, or joint, repreſented by itſelf, 
and ſhewing in what manner the briſtles 
grow from under it, 


FIG. 


A Short "Explanation of the TABLES. 


FIG. X. 


The ſaid brifiles, repreſented in three orders, as 
2 ogra 
ducing tbem. 


c The ligament that connects the briſtles, 


and afterwards appears about all the other 
briſtles. 


d Two of the and ſtiffeſt briſtles with 
their ligament, which is placed almoſt in the 
middle of them. 
e Six briſtles with their ligaments ſome of 
which are more fine and delicate than others. 
J Eight briſtles with their ligament, differing 
in ſtructure, length and ſtiffneſs. 


FIG. XI. 
One of the ſaid briſtles ſeen through a microſcope+ 
g A flattiſh briſtle ending in a point. 
FIG. XII. 


Another öbriſtle viewed likewiſe through the 
microſcope. 


5 A long round ſmooth briſtle, ſomewhat 
more ſwollen on the forepart, but afterwards 
terminating in an obtuſe point. 


FI G. XIII. 
Some hairs of a golden colour, with their roots. 
& Some very fine hairs, like down, ſpringing 
alſo from one centre or ſpot like the briſtles. 
F IG. XIV. 


The ſloping region of the back, covered with 
briſtles and delicate hairs, and moreover of a 


ſomewhat convex form. 
F 
The back of the Phyſalus laid open. 


a4aaaa The natural openings on each fide 


of the body, thro' which the water flows to 
and from the gills. | 


b bb The membranaceous gills which move 
freely one over another, like the larger ſcales 


in fiſh, 
F I G. XVI. : 
The inteſtines of the Phyſalus rudely delineated. 


a The ſtructure of the inteſtines, which look 
as if they communicated with one another. 


TA xt. 
FIG. 1. 
The Cancellus, with its bony or belly ſein 


2 The ſhell, or true ſkin of the cancellus. 
b The five ſpiral windings of the ſhell. 


c Two eyes, below which are ſome briſtly ar- 
ticulated hairs. 


4464 
X 
44d Two horns. 1115 
e The right arm, and its forceps, which is the 


F The left arm, which is the leaſt. 
g The four foremoſt legs. 


FIG. II. 
The Cantellus, out of is in or ſhell, lying dn its 
| K. 


a The eyes, between which are ſeen four 
briſtly articulated hairs. 

bb The horns. c The left and leaſt arm. 

d The right and largeſt arm. 

e The two firſt pair of legs: 

FF The third pair of legs, which has ſmall 
forceps. 

g The fourth pair of legs, which are worthy 
of notice, becauſe perforated by a double 
little tube of the genitals, to which it yields 
a paſſage. | 

55 Three articulated briſtly hairs, to which the 
cb are ſtrongly ſixed. 

i The tendinous point of the muſcles, or the 
part in which the tendons of the muſcles 
meet, and where the Cancellus is faſtened 
in his ſhell, that it can never go entirely 
out of it. 


L The tail, with its particular part. 
FIG. III. IV. and V. 


The tail, the firaight and cloſed guts, and 4 
dages of the Cancellus, repreſented a little = 
than they naturally are. | 


a The tail, conſiſting of two teſtaceous arti- 
culations. 


b The verge of the anus, which being bent 
inwardly may be hid under the tail, | 

c The ſtraight gut. | 

d d Three little teſtaceous bones on each fide 
of the tail, which are articulated amon g 
themſelves and with the bone. 

e A ſmall of the inteſtine. 

F The blind or cloſed gut, or what is anolo« 

us to it. 

£g The appendages which in the living crea 
ture are ſeen beautifully through it. | 

h h The origin of the appendages, which ſpring 
from two diſtin& ducts, 

ii The appendages, whoſe ſituation was ſhewn 
at letter g g, are ſeen here ſeparated, 


F.1:@.:: VE 


One of the * of legs ſeparate from the reſt, re- 
preſente magnified, together with the genital 
veſſel, entire, by which that leg is on one fide, 


perforated, 
12345 The five articulations of the fourth 
ir of legs. 
a a The winding of the genital veſſel, 
b b Its ſpiral windings which terminate in one 
narrow tube, | 


D c The 


9 


c The extremity of its ene. 


4 The part in which the genital veſfel, aftef a 
| rforates the fourth pair 
of legs throughout the fifth articulation. 


wonderful manner, 


FIG. VII. and VIII. 


The heart and one of the gills, repreſented as 


aa The heart. 5 Four veſſels iſſuing from 


the upper part of the heart. 


c Two other veſſels iſſuing from the lower part 


of the heart. 


d Some blood veſlels diſcharged of their fleſh, 


and rolled out. 
e One of the XXII gills. | 
F The thick and broad part of it 
g The acute extremity. | 
þ The diviſion of the gills. 


N. B. Thoſe white hollows or grooves, which run longitudi- 
nally through the midale of the gill, ſhew the cartilages, 
near which the blood veſſels are conveyed ; in which part 
they appear thicker and whiter. 


FIG. N. X. and XI. 


The brain, ſpiral marrow, eyes, cornea, and in- 
verted pyramidal fibres, repreſented as magni- 
fied, beyond their natural fize. 


aa The brain, 

þ b The optic nerves, one of which is laid en- 
tirely bare. 

c The origin of the ſpiral marrow, which is 

| ſeparated, and affords in the living inſect a 
paſſage for the gullet to the ſtomach. 

4 The firſt knot or ſwelling, with the nerves 
it emits. 

eeeee The remaining five knots of the marrow. 

„ Nerves which ſpring from the marrow. 

g Theſe nerves elegantly decuſſate one over 
the other, ifſuing from the right to the left, 
and from the left to the right fide 

b Part of the cruſt as yet ſticking to the eye, 
near which the naked nerve is viſible. 

i The cornea tunica, and the manner by which 

the annular cruſt like a tooth inſinuates itſelf 

into it. ; 

E A gelatinous hexagonal matter placed within 

the eye, above the inverted pyramidal fibres, 

_ which appears on removing of the cornea. 

The inverted pyramidal fibres and their ſitu- 

ation. 

m The black part of thoſe fibres, which ſpring 


from the tunica uvea. 


3 p 


„ The lower part of the fibres which appears 
brown. 

o The middle part of them which is limped. 

P£ þ A certain, part of thoſe fibres, enlarged by 


the microſcope, by which it appears, that 
each of theſe fibres conſiſts of many other 
ſmall fibres, all which are again compoſed 
of regular globules, 


ABLE S. 

T A B. XI. 
No. I. The vermicle er worm of the L Wella 
Dragon-fly, ſticking as yet in its firſt fin, 


when it is called an egg: repreſented mag- 
nified by the microſcope. "TP 


II. The egg itſelf, deſerted by the w. rm, tre- 
preſented of its natural ſae. 
III. The worm, as come out of the egg, eal - 

led, by this author, an Oviform Nymph- 
vermicle. We | 
IV. The ſame worm a little more grown, when 
the follicles, or membranaceous bags of the 
four wings are obſerved to ſpring. 
V. The ſame worm, perfect, with its four fol- 
licles or little bags, increaſed to their due ſize, 
called in this ſtate the Nymph-Vermicle. 
VI. The Libella or Dragon-fly in its perfect 
ſtate, having attained its full age, and fit for 


generation. 


FIG. I. 
The egg of the Dragon-fly, as magnified by the 


microſcope. 
FIG. I. 


The Nymph-Vermicle of the Dragon Hy, caſting 
its ſhin. 


a a The feet fixed with the claws. 
6 The head and eyes burſt forth. 

c c The fix legs, now cleared from their ſkins. 
dd The wings, as yet folded up. 


FIG. BOL 
Of the copulation of the Dragon-flies. 


a the tail of the male. 
b The female receiving into her neck the tail 
of the male, and embracing it with her legs. 
c The tail of the female turned toward the 
breaſt of the male. 


FIG. 


The nymph of the largeſt Dragon-fy. 


aa The eyes. bb The horns. c The teeth. 
d d The legs armed with ſharp claws. 

ee The little bags, or caſes of the wings. 

A The diviſions of the abdomen, 

g The ſtings, or prickles of the tail. 


FIG. V. 


The Nymph-Vermiclc of the middle fized Dragon- 


a The lips and teeth. 6 The hairy legs. 
c The little bags, or caſes of the wings. 
d The ſtings, or plickles of the tail. 


FIG. VI. 


* 


53 0e MW. | 
The Nympb-Vermicle of a ſingular kind of 4 


4 The horns. 36 Six long legs. 

c The little bags, or caſes of the wings. 

4 The hairy belly. he 

e The triangular appendages of the belly. 
- 2 BY @. VIL 


The Nymph-Vermicle of the ſmalleſt Dragon-fhy, 
found common in Holland. 


T A B. XIII. 
e 


The Worm of tbe Epbemerus, of the firſt year's 
growth, three quarters of a Dutch inch long, 
in which is not the leaſt appearance of wings; 
but the five gills are viſible on the back, from 

| wphence come in ſight the ten lower rowing 


fins FIG. I: 


The Worm of the Ephemerus of the ſecond year's 
b, froe thirds of an inch long; the little 


ags or caſes in which the wings are encigſed. 


FIG. Ill. 


The Worm of the Ephemerus of the third year's 

' growth, a female, about two inches and a half 
long ; provided with the little bags or caſes of 
the wings, which are now viſible. 


F 1G. Iv: 


The largeſt Worm of the Ephemerus, in which all 
the parts elegantly and diſtinctiy appear, 


a The eyes, which are twice as large as thoſe 
of the female worm. 

6b The horns, and the diſtinct articulations 
of them. 

c The forceps, mouth; or dentated jaws, by 
which they dig into the earth, | 

4d The firſt, ond, and third pair of legs, 
with their articulations or joints, 3 

e The little bags or caſes of the wings, which 
encloſe the At pair of wings, like a tender 

little flower, ſhut up in its cup. 

, The gills, perpetually fluttering, very white 
and limpid, and covered with innumerable 
fine hairs. ; | | 

g Three briſtly hairy tails, with their appen- 
dagee. | 

The Towing fins in Fig. I. and III. may alſo 
be ſeen, : | 

FIG. V. 3 8 


 Oblong or bollow tubes, or cells, made in the mud 
or clay, in which the Worm of the Ephemerus 
creeps, and is moved and nouriſhed. 


a a The tubes made in-the mud by the largeſt 
worm. . 


A Short Explanation of the TABLES. 'ﬆ 


bb The tubes that are hollowed out by the 


ſmalleſt worms. 
| F-IG. VL 


The male Ephemerus freed he 4 a 
_ . hin, entire * wy . S Fer 7 


a Worm. 


FE Oi VIE 


The Worm of the female Ephemerus, about to under - 
go in alittle time its change, in which may be 
ſeen the wings through their little bags or caſes. 

4 a The little ſheaths, caſes, or bags of the 
wings, through whoſe ſmooth external little 


membranes may be ſeen diſtinctly, the folded 
wings lying hid within them. 


F IG. VIII. 
A female Ephemerus, fript, on the ſurface of the 


water, of its ſkin ; and quitting the form of a 


fwimming Worm is changed into a flying inſect. 


F I G. IX. 


The manner how the wings expand themſelves. 
But in the following XIVth Tab. Fig. I. un- 
der let. * ** may be ſeen the natural foldings 
of the wings, which here ſeparate by degrees 
one from another. 


F- 138; 


The ſame wing, firſt ſmoothing its ſerpentine 


foldings, afterwards its oblong folds. 


„ 
The ſame wing not entirely expanded. 
F I G. XII, 


The male Ephemerus, employed in changing its 
ſhin, which is v ah completed i dry 
land. Here half the body is now ftript of its ſkin. 
The ſkin is ſtript off the bead, thorax, and 
legs, in the ſame manner as we draw our feet 
out of our ſhoes ; but as to the wings, the Ein 
is drawn off them in ſuch a manner, . that the 
inſide is turned outward, | 


FI G. XIII. 


A male Ephemerus, which has almoſt gone through 
tbe change of its ſin, ſo that its double external 
wings aud tail might be taken only for a ſlender 
part as yet to be caſt agg. | 

F I G. XIV. 8190 

The very ſlender caſt ſkins of the Ephemerus, which 
do not retain the form, as here repreſented, 
becauſe. the parts in which the wings were in- 


cluded, are commonly wrinkled, and by that 
means change the fm. 


FIG. XV. 
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A 


changed into a flying inſect; whoſe legs, which 
1. worm-ſtate were ſhort, are now as long 

again as they were, but the tails avhich were 
. before twice that length, are now become three 


times as long. 
T A B. XIV. 


XP GO: 4 


A diſſection of the Worm of the Ephemerus. 

a a The pulmonary tubes, or two air trunks, 
running along each ſide of the body. 

35 The tubes reaching to the brain and nerves. 

ddd dd The pulmonary tubes tending to the 
muſcles of the abdomen, from one fide; 
but from the ather ſide are ſeen, at the ſame 
letters, the naked muſcles of the abdomen, 
with their tubes, alſo the oblique, aſcending 
and ſtraight muſcles, hidden partly under 
the former. 

eee The air pipes, or tubes, running to the 


ſpinal marrow. 

FFF FFF The air pipes diſtributed through the 
ſmall guts, or ſeminal veſſels of the male. 
One of them repreſented in its natural ſitua- 
tion, and another of them removed out of 
the body, and repreſented magnified more 
than the other. "PET! 

The air pipes diſtributed to the gills. 

4 two of the gills are here l 
the other ten being cut off, to give an op- 
portunity of ſeeing the ten rowing fins under- 
neath them. See let. rr. 

5 The air pipes running to the loweſt parts of 
the inteſtines, and alſo to the ſpermatic veſ- 
ſels placed near them. v. 

111 The air pipes which ſupply, refreſh, and 
nouriſh the Et, membranes, and ſkin with 
air. 


þ k The air pipes. 


Þ f Þ Þ Three exraordinary air pipes diſpatched | 


beyond the body, towards the gills, cut off. 

9 94 The middle of the three firſt pipes, being 
black, but about the middle ſhining with 
white, in ſuch a manner, that the black line 
of the gills appears as if marked with a white 
point oppoſite. 

rrrr The five rowing fins ſtretched out from 
each ſide of the body, with ſtrong briſtly 
hairs, of an obſcure yellow gold colour, 

s s A feathery little part ſituated underneath the 

. firſt pair of gills. 

yyyy The 2 marrow, conſiſting of eleven 
8 or ſwellings, from which ſpring the 
nerves that are diſtributed through the whole 

body. See Fig. VI. Tab. XV. 

2 2 The parts to which the ſpinal marrow is 
faſtened, by the means of ſtrong ligaments. 

** The optic nerves, derived from the brain, 
or origin of the ſpinal marrow, where it 
forms the firſt knot or fwelling. 


A Short Explanation of the TA BL E 8. 


male Ephemerus, which has caſt both its ſins, | 


* 


employed in 


« The muſcles of the breaſt, 
moving the legs. . . 
88 The muſcles of the breaſt, employed in 
moving :he wi „ 
1 Two little , Which I take for the ſper- 
matic veſſel 1. male. oa | 
The ſtraight gut cut off, in Tab, XV Fig. V. 
that it may be the more perfectly ſeen. _ 
««« The extremely artificial folding of the 
wing, whilſt it yet lies in its caſe or ſheath, 
& E. being very eaſy to be unfolded. See 
Fig. IX. X. XI. Tab. XIII. PTY Lee 


F168. . 
A the parts juſt now repreſented in their natu- 


ral fize. 


IA 
F116. I. 


I 1 Some branches of the air pipes which run 
to the ovary of the Ephemerus. | 

m mmm The ſame air- pipes running into and 
over the membrane inveſting the ovary. 

cc The muſcles employed in moving the fix 


gills and five rowing fins, placed on each ſide 
of the body. 


The ſtomach and inteſtines, which are vi- 
ſible through the membranes of the ovary. 
See Fg. V. of this Table. 

ii The muſcles of the ſtraight gut employed 
in voiding the feces. | 


RU RS i 


The little eggs of the Ephemerus, as they appear 
to the naked eye. 


116. 


The double ovary of the Epbemerus, cumſſting of 
innumerable little eggs. 


F I G. IV. 


0000 Some air pipes leading to the heart of 
the Ephemerus, partly cut off. 

tt Part of the heart, like an oblong tube, 
which is ſomewhat ſwollen on each fide. 

v v Some air pipes cut off, leading towards 
the heart, and then to other parts. 

xx xx The parts in which the tube of the 
heart ſwells up a little. 


F109 YV 


a Part of the oeſophagus or gullet, cut off near 
the ſtomach 

6b The pylorus of the ſtomach 

c The ſtomach itſelf, with certain 
which creep all over it. 

dd The ſmall gut continued from the ſtomach. 

e The thick gut or colon, diſtinguiſhing itſelf 
by ſome little oblong tranſparent channels or 


furrows. 
F The 


» 


air pipes, 


4. Shors Explanation, of the. TAE wi 


Theftraight gut elegantly folded, or wrinkled. 
+ FOG Ge. Eleven annular ſections, into 
which the body is divided. . a 


RL, 


f 
8 


* 


F 10. VL 


The brain, ſpinal marrow, and the nerves, ſpring- 
ing thence, arcording as they are placed 
in the living Epbemerus. TOR 
1 2 3, Cc. The natural ſituation of the ſpinal 
marrow in the body of the Ephemerus. At 


the ſame time is ſhewn how the annular in- 
terſections are placed. 


F 1G. VII. 
1 Air pipes together with a part of the ovary, 


n out of the body, the more conve- 
niently to ſhew how theſe pipes ſtick faſt to 
the eggs. ; 

g The eggs, of a plain round oblong figure. 


T A B. XVI. 


No. I The Adds egg delineated in its natural 
ſize, or the Wort of the Ant in its firſt ſkin 


or coat, wherein it is called an egg; which 


zs exhibited in the firſt figure magnified. 

II. The beforementioned covering, being quit- 
ted by the Worm of the Ant, is rolled up as 
into an inviſible point. 

III. The Worm of the Ant come forth from the 

| egg, with its parts imperfect; delineated in 
its natural ſize and fituation. Figure the 
ſecond repreſents it magnified by the mi- 
croſcope. . 

IV. The ſame Worm at the full period of its 
increaſe, all the parts of the Ant being con- 
tained hidden within it. Figure the third 
ſhews it as magnified. 

V. The ſame Worm ſtript of its ſkin, and now 
called a Nymph. 

VI. The ſame, having quitted the form of a 
Nymph, changed to a real and perfect Ant. 


BO. Lo! 
The egg of the Ant magnified, 
F1G, I. 


The Worm of the Ant, as delineated under the 
microſcope, with its head bent towards the 
ru called improperly the egg of the Ant. 


FIG. III. 


The former Worm, having arrived at its full big- 
neſs, about to quit by and by it skin, in order to 
be changed into a Nymph. This is alſo larger 
than naturally. 


75 * 


8 is : . 4 
FI G. IV. 


The Nymph of the Ant delineated by the. affif ance 
of the mi ape, wwhich.15 repreſented Nd. V. 


4 * 


in its natur . 
e oem 

The ſame Nymph, lying on its back, magnified. 
FIG. VI 


under the microſcope ; and all it parts diſtin- 
guiſhed by grade letters, 


aa The two eyes in the head. 4 The teeth. 
cc The horns, folded near the legs, upon the 


breaſt. | 


dd The firſt pair of legs. | ; 
ee Another pair of legs, viſible under the firſt. 


The ſame Worm delineated again, as it __ 
; 


F f The third Pair, laid on the belly. | 


g The rings of the belly, and margin or border 
of the belly. g * 


F I G., VII. 


The Ant om leted all its Iabburs, and 
now attained the full maturity and ſtrength of 
it age, exhibits the number of its parts and 
limbs complete. | 


a The teeth of the Ant, in which it carefully 
carries its Vermicle, or little Worm, 

5 The two very black eyes. 

cc The horns, of a light red colour. 

d The fix ſharp pointed prominences, into 
which the rings of the thorax divide them- 
ſelves. 1 

e The loins, conſiſting, as it were, of three 
knotty joints of vertebræ. 


, Six hairy legs, compoſed of four joints, 


g The ſhining abdomen, 


FIG, VIII. 
The male Ant, in its natural ae. 
F. 1 0. IX. 


The male Ant, delineated as magnified, in uubicb 
all the parti are diſtinttly repreſented. 


a The teeth, a little leſs. 

b The eyes, on the contrary, larger. 

c c The horns. | 

dd Four wings, peculiar to the male, the firft 
pair of which are much ſtronger and larger 
than the hinder ones. 

e The loins, and 


F The belly are both differently formed than 


thoſe parts are in the working Ants. 
F1G. X. 
The female Ant, in its natural fixe. 
E | | FIG. XI. 
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PI GO XI, 


Wefoutel magnifict; that the 
external Hifference between it and the other Kind 
may be made to dpEnr. 


4 The teeth. * b b The eyes. 


c c The horns. 4 The thorax. 
ee The legs, / The loins. 
g The belly. | N 


F I G. XII. 


The little bag or caſe, in which the Worm of the 
Ant, being fhut, ts changed into a Nympb ; 
as yet entire, and of its natural fize. 


F I G. XIII. 
The ſame, opened, 
'FTU "Iv. 


Another kind of Ant, found in Holland. 


F1G. XV. 
A fixth kind of Ant, found alſo in Holland. 
FIG. XVI. 


The largeſt kind of Ant, ſad at the Cape of 


good 
TAB. XVII. 
Which repreſents Bees. 


1 


The common or labouring Bee, whoſe external 
farts, are particularly deſcribed in the follow- 


ing figure. 
F.1 Os 1h 


The ſame labouring Bee, in which all its external 


parts are dt 5 nttly ow out by annexed 
letters. 


a a The two oval eyes of this Bee, 8 are 
much ſmaller than thoſe of the male Bee. 

5 The particular little eyes, placed in the mid- 
dle between the two former larger ones. 

e The antennæ or horns. 


d A kind of horny or bony lip, which is not 


obvious in the males. 

ee Twolong teeth, which are ſhorter in the 
female, and very ſmall and ſhort in the 
male Bees. 


F The long proboſcis or trunk, which is much 


ſhorter in the male. 


g The thorax is roundiſh, and in the upper 


ſide of the hinder part it is provided with a 
ſomewhat prominent margin or border, 
bh The two upper wings. 


XViil A Short Explanation of the: TA BLE 8 


7.5 The two — which as leg h 


v4 the former. | 2 BS 4 0.5 4 nets 3 
k E The two — legs. 5: 
+ The two middle legs. 7 © WEE 


m m The two hinder — larger than the 
former ones, and that particular * them 
which we call the foot. 


„n Theclaws of the feet. 


0 0: Part of the hinder Ka 6p ich 1s called the 
ſhank, the foot of which of one extreme 
part, is joined to another Patt called the 
thigh. 

The abdomen. 9 The cculen 8 


10. In. 


The female Bee, commonly, but 5 called 
the king. By comparing this with the common 
or working Bee, repreſented in the laſt figure, 
and with that of the male in the 1 81 


figure, the difference betwern the three 
may be obſerved. 


F I G. IV. 


The male Bee, which differs from both the female 
and working Bee. 


F 1 G. v. 


The proboſcis of the Bee, with its parts as repre- 
* by the microſcope. 


a a The ft pair of joints of the las 
which are partly of a ſubſtance between 
horn and bone, and partly of a membrana- 
ceous ſubſtance, and here and there are co- 
vered with rough hairs. This cut repre- 
ſents them a little drawn in, and in readi- 
neſs to moye the, proboſcis backwards, and 
withal to compreſs and cover it ; and likewiſe 
to force the honey through it towards the 
ſtomach. 

bb The air-tubes, diſtributed through that 
part of the proboſcis, which is of a ſubſtance 
between horn and bone, and which, by be- 
ing tranſparent, affords a view of them. 

cc The extremities of the firſt pair of joints; 
theſe extremities are a little crooked. 

dd The articulation of theſe joints with the 
root of the proboſcis. 

ee The next pair of joints belonging to the 
proboſcis, conſtructed much after the ſame 
manner with the firſt. This ſecond pair 

reatly aſſiſt the proboſcis in its ſuctions. 

F, The lower articulation of theſe joints, of 

« peep confiderable length. 

g The two upper articulations of the ſame 
joints, which are ſhorter. .. 

h h The third pair of joints forming the pro- 
boſcis, which are ſomewhat of a ſubſtance 
between bone and horn, but for the greateſt 

part membranaceous, and likewiſe covered 
with rough hair. Theſe joints alſo are of 
ſervice to the proboſcis in ſucking the honey, 

which 


ol 


A Sho Explandtion» of che TA B LES. ae 


» which they lite wiſe help to for wurd towards 
„ tidde ſto nden "2 e 
5 The ſeventh joint of the proboſtis, being a 
ſingle one; or the probeſciv itſelf,” echſiſting 
_ partly of 4 membrumaeeous ſubſtance, and 
| tly of a ſubſtance between bone and horn. 
It is the underſide of it that F Have here re- 
| pteſented; as muy be ſuppoſed to appear, 
on turning the Bee ies back. 
4 Part of the proboſcis itſelf, of « ſubſtance 
between bone and horn; conſtructed ih ſuch 
a manner that the Bee ean ſeperate it from 
the main body of the proboſeis;: and give it 
a eircular ſora. LS . 
1 The gullet r ont ff 
m The membranaceous fort of the proboſcis 
itſelf, Which lies beautifully folded up under 
the other portion of the proboſcis juſt now 
mentioned, as conſiſting of a ſubſtance be- 
tween bone and horn. 1 
nn The part of the proboſcis which conſiſts of 
a ſubſtunce between bone and horn, tending 
inwardly, and forming, as it were, a nar- 
row channel. | 
0 0 The fore extremity of the proboſcis cover- 
ed with crooked hairs, and furniſhed with a 
little head, in which there is a hole that 
ſeems to be the cavity of the membranaceous 
S an? N 
7 That part of the proboſcis, which conſiſts of 
- a ſubſtancebetween bone and horn, divided 
at its fore extremity into two ſhanks. 
77 Three very black, but ſhining, joints of 
the proboſels, of a ſubſtance between bone 
and horn, and forming the lower part of the 
proboſcis, The middle of theſe joints is the 
ſheath ot caſe of the proboſcis, and is fut- 
niſhed with muſcles; which belong to the 
ſecond pair of joints e e of this organ. But 
the two extreme joints of the part now be- 
fore us, contain muſcles that adminiſter to 
the firſt pair of joints @ 4. 
rr rr The articulations by which the three 


joints 9/9 % are united with the parts of the 
head. | 


* - 


The ſtrong muſcles ſerving to move inwards 
the proboſcis, its joints and ſheath. 

A thin tranſparent membrane, through which 
the muſcles 5 5 may be difcerned. 


F168. VI. 


More diſtinctiy exhibiting in what manner that 

part of the proboſcis, which conſiſts of a ſub- 

ance between bone and horn, and which is re- 
preſented under the letters & k Fig. V, can form 
itſelf into a circle, and dilate the membrana- 
ceous parts of the proboſcis at the time of 
ts ſuttion, 


4 4 @ That portion of the proboſcis, which 


conſiſts of a ſubſtance between bone and 
horn, This part is much blacker and ſtronger 


in the middle of it than elſewhere, as is very 


diſcernible. 


'# The cirewfar form or bending which that 
part acquires at the time of ſation. 
ere The expabfion, in forth of a fail; of the 

membranacevus part bf the proboſcis, that 
nes folded up under the other part that con- 

Als of a ſubſtance between bone and Horn. 
The former part acquires the ſaid form, when 
the latter projects itfelf in that of a circle. 

The papillæ, or glandalous protuberances of 
the membranaceous. part of the proboſcis. 
Theſe particles appear moſt viſible when the 
ſaid part is expanded. 

e The place here that part of the proboſcis, 
which conſiſts of a ſubſtance between bone 
and horn, tends inwardly, and uniting with 
the remaining hairy part of the proboſcis, 
forms, as it were, a narrower channel. 

F The fore extremity of the proboſcis, covered, 
as it were, with crooked hairs, and perfo- 
forated in the middle. 

g The hairs of the proboſcis, which are not 
of an equal thickneſs, but ſomewhat bigger 
near the roots, 


F I G. VII, 
The proboſcis of a . viewed on its Jower 
Ade. 


4 Part of the proboſcis of a horny ſubſtance, 
which conſtitutes the lower part of the in- 
ſect's head. This part is covered with hair 
on its ſides, and is all of a ſhining black, 
except two yellow ſpots. | 

b b c Three horny particles or joints, which 
ſerve in a manner to form the root of the 
proboſcis. The two lateral 55 contain the 
muſcles, that govern the briſtles 44; but 
the middle joint c ſerves, as it were, for a 
caſe or ſheath to the proboſcis. 

d dd d Four articulated briſtles, which aſſiſt 
the proboſcis in its ſuctions. | 

e e The place where the teeth are broken off. 

F The proboſcis itſelf, adorned with four beau- 
tiful white particles, or rather protuberances, 

- that terminate in little round knobs. 


FIG. VIII. 


The hair of a Bee, as it appears through the 
microſcope, in the form of a feather, 


a The ſtem, as it were, of the feather. 

35 The ſmaller lateral branches ſpringing from 
the ſtem. 

c The hairy extremity of the ſtem, 


FIG. IX. 
The lungs of the Bee. 


a a The pulmonary veſicles of a white colour. 
b Sc. The little tubes branching from theſe 
veſicles ; they conſiſt of ſpiral rings, which 
in this place are always open. 
c c Sc. Other veſicular dilatations of the pul- 
monary 


** p GO XI. 


Te mal Hot e that the 
geg Hifference berween it ee Kind 
may be | af 10 ppear. bl 3 „ 


4 The teeth. 5 5 The eyes. 
c c The horns. 4 The thorax. 
ee The legs, / The loins. 
g The belly. 58 1 

F I G. XII. 


The little bag or caſe, in which the Worm of the 


Ant, being ſhut, ts changed into a Nymph ; 
as yet entire, and of its natural fize. 


F 1G. XIII. 
The ſame, opened. 
F I G. XIV. 


Another kind of Ant, found in Holland. 


F 1G. XV. 
A fixth kind of Ant, found alſo in Holland. 
FI. XVI. 
The largeſt kind of Ant, found at the Cape of 
en e Wipe 


r 
Which tepreſents Bees. 


F1-0;-:1, 


The common or labouring Bee, whoſe external 
farts, are particularly deſcribed in the follows 
ing figure, 


F 1 G. II. 


The ſame labouring Bee, in which all its external 
parts are diſtinctiy R out by annexed 
letters. 

aa The two oval eyes of this Bee, which are 
much ſmaller than thoſe of the male Bee. 

5 The particular little eyes, placed in the mid- 
dle between the two former larger ones. 

c c The antennz or horns. 

d A. kind of horny or bony lip, which is not 

obvious in the males. 

ee Two long teeth, which are ſhorter in the 
female, and very ſmall and ſhort in the 
male Bees. 

The long proboſcis or trunk, which is much 
ſhorter in the male. 

g The thorax is roundiſh, and in the upper 
fide of the hinder part it is provided with a 
ſomewhat prominent margin or border. 

bh The two upper wings. 


A Short Explanation af h- TA BER S 
| The to n which urs leg tn 


n n The claws of the feet. 


% firmer. > 2 210! ene 2 
F k The two famed legs. RR 
The two middle lege. 


m m The two hinder- * larger than the 
former ones, and that particular ** them 
which we call the foot. ; -: 


0 0: Part of the hinder legs, which is called the 
ſhank, the. foot of . ich of one extreme 
part, is joined to another part called the 
thigh. 
The abdomen. 9 —— or fling. 


10. I. 


The female Bee, commonty, but 3 called 
the king. By comparing ibis with tbe common 
or working Bee, repreſented in the laſt figure, 
and with that of the male in the fe Bs 
figure, the difference bel wer the three 
may be obſerved. 


F I G. IV. 


The male Bee, which differs. from both the female 
and working Bee. 


F 1G. V. 


The proboſcis of the Bee, with its parts as 40 
[owed by the microſcope. | 


a a The aal pair of joints of the PLE 

which are partly of a ſubſtance between 
horn and bone, and partly of a membrana- 
ceous ſubſtance, and here and there are co- 
vered with rough hairs. This cut repre- 
ſents them a little drawn in, and in readi- 
neſs to move the. proboſcis backwards, and 
withal to compreſs and cover it ; and likewiſe 
to force the honey through it towards the 
ſtomach. 

bb The air-tubes, diſtributed through that 
part of the proboſcis, which is of a ſubſtance 
between horn and bone, and which, by be- 
ing tranſparent, affords a view of them. 

ce The extremities of the firſt pair of joints ; ; 
theſe extremities are a little crooked. 

d d The articulation of theſe joints with the 
root of the proboſcis. 

ee The next pair of joints ng to the 
proboſcis, conſtructed much after the ſame 
manner with the firſt. This ſecond pair 


/"Th aſſiſt the proboſcis in its ſuctions. 
t 


The lower articulation of theſe joints, of 
1 conſiderable length. 

g The two upper articulations of the ſame 
joints, which are ſhorter. 

þ The third pair of joints forming the pro- 
boſcis, which are ſomewhat of a ſubſtance 
between bone and horn, but for the greateſt 

| membranaceous, and likewiſe covered 
with rough hair. Theſe joints alſo are of 


ſervice to the proboſcis in ſucking the honey, 
which 


A Bhort Explanition» of che TABLES mix 
+ which they likewiſe bly 46 for wurd rowirds 3 THe circular foten or bending which that 


dH nnn 

i The ſeventh joint of the proboſcis, being a 
ſingle one; or the probeſciv itſelf, echſiſting 

_ partly of 4 membrunseeous ſubſtance; and 

_ " partly of a ſubſtance between bone and horn. 

It is the underſide of it that 1 have here re- 

| preſented; as H'miy be ſuppoſed to appear, 
on turning the Bee upOn its back. 

& E Part of the proboſcis itſelf; of à ſubſtance 

dettyeen bone and horn; conſtructed ih ſuch 

a manner that the Bee ean ſeperate it from 

the main body of the proboſeis, and give it 
rr 

The gullet repreſented cut oft. 

m The membranaceous part of the proboſcis 

itſelf, Which lies beautifully folded up under 
the other portion of the proboſcis juſt now 
mentioned, as conſiſting of a ſubſtance be- 
tweet bone and horn. 

1 n The part of the proboſcis which conſiſts of 
a ſubſtunce between bone and horn, pending 
inwardly, and forming, as it werey a nar- 
row channel. 

0 0 The fore extremity of the proboſcis cover- 
ed with crooked hairs, and furniſhed with a 
little head, in which there is a hole that 
ſeems to be the cavity of the membranaceous 

7 That part of the proboſcis, which conſiſts of 

- ſubſtance between bone and horn, divided 

at its fore extremity into two ſhanłs. 

77 Three very black, but ſhining, joints of 

the prodetels, of a ſubſtance between bone 
and horn, and forming the lower part of the 
proboſcis, The middle of theſe joints is the 

ſheath of caſe of the proboſcis, and is fut- 
niſhed with muſcles; which belong to the 
ſecond pair of joints e e of this organ. But 
the twyo extreme joints of the part now be- 
fore us, contain muſcles that adminiſter to 
the firſt pair of joints @ 4. 
rr rr The articulations by which the three 


joints 9/9 7 arc united with the parts of the 
head. 


s 5 The ſtrong muſcles ſerving to move inwards 
the proboſcis, its joints and ſheath, 

A thin tranſparent membrane, through which 
the muſcles 5 5 may be diſcerned. 


FIG. VI. 


More diſlinfly exhibiting in what manner that 
part of the proboſcis, which conſiſts of a ſub- 
flance between bone and horn, and which is re- 
preſented under the letters k k Fig. V, can form 
rtſelf into a circle, and dilate the membrana- 
ceous parts of the proboſcis at the time of 
its ſuction. 


4 4 4 That portion of the proboſcis, which 
conſiſts of a ſubſtance between bone and 
horn, This part is much blacker and ſtronger 


in the middle of it than elſewhere, as is very 


diſcernible. 


part acquires at the time of ſuction. 

ere The expatfion, in forth of a fail; of the 
membranacevus part bf the pteboſcis, that 

nes folded up undet the other part that 6on- 

fills of a ſubſtanee between bone and Horn. 
The former part acquires the ſaid form, when 
the latter projects itfelf in that of a circle. 

d The papillæ, or, glandalous protuberances of 

the membranaceous part of the proboſcis. 
Theſe particles appear moſt viſible when the 
ſaid part is expanded. 

e The place here that part of the proboſcis, 
which confiſts of a ſubſtance between bone 
and horn, tends inwardly, and uniting with 
the remaining hairy part of the proboſcis, 
forms, as it were, a narrower channel. 

F The fore extremity of the proboſcis, covered, 
as it were, with crooked hairs, and perfo- 
forated in the middle. | 

g The hairs of the proboſcis, which are not 
of an equal thickneſs, but ſomewhat bigger 
near the roots, 


FIG. VII. 
The proboſcis of a i; 6 viewed on its Jower 
frae. 


a Part of the proboſcis of a horny ſubſtance; 
which conſtitutes the lower part of the in- 
ſect's head. This part is covered with hair 
on its fides, and is all of a ſhining black, 
except two yellow ſpots. ED 


b b c Three horny particles or joints, which 
ſerve in a manner to form the root of the 


proboſcis. The two lateral 55 contain the 
muſcles, that govern the briſtles 44; but 
the middle joint c ſerves, as it were, for a 
caſe or ſheath to the proboſcis. 

d d dd Four articulated briſtles, which aſſiſt 
the proboſcis in its ſuctions. | 

e e The place where the teeth are broken off. 


F The proboſcis itſelf, adorned with four beau- 


tiful white particles, or rather protuberances, 
that terminate in little round knobs, 


FIG. VIII. 


The hair of a Bee, as it appears through the 
microſcope, in the form of a feather, 


a The ſtem, as it were, of the feather. 

35 The ſmaller lateral branches ſpringing from 
the ſtem. 

c The hairy extremity of the ſtem, 


. 
The lungs of the Bee, 


a a The pulmonary veſicles of a white colour. 
b b &c. The little tubes branching from theſe 


veſicles ; they conſiſt of ſpiral rings, which 


in this place are always open. 
e &c, Other veſicular dilatations of the pul- 
monary 
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| | F I G. X. 


e pulmonary tube, which confifts of rings, and 


is here repreſented as it appears when drawn 
out, the better to exhibit the ſpiral courſe of 
theſe rings, 

| T AB. XVIII. 


F I G. I. 
The internal parts of a Bee. 


a The gullet. 
b The Haak furniſhed with fleſhy fibres. 
c The pylorus, N of nodules, and full 
of a ſubſtance of a yellowiſh red colour. 
dd The ſmall gut, very ſpacious or wide, full 
of muſcles, and furniſhed with valves. 
eee The vaſa crocea, or yellow gut-veſlels ; 
being an infinite number of little inteſtines 
moſt intricately connected, and moſt firml 
united with the narroweſt part of the ſinall 


* 


gut. 
The narrow part of the inteſtine. 

g The ſudden dilatation of the inteſtine, that 
ſucceeds the conſtruction of it juſt now men- 
tioned, In this place the inteſtine looks like 
a membrane, and exhibits ſix protuberant 

landulous particles on its inner ſurface, as 
{t appears by the particular figure placed at 
one (ide of that now under our conſideration, 

h The ſaid fix glandulous particles, as they 
appear more plainly on opening the inteſtine 
that contains them. 

The place where the inteſtine, after dilating 
itſelf, narrows a ſecond time. I have given 
a particular figure to illuſtrate this narrowing. 

E The place where this inteſtine appears full of 
folds, like a rumpled piece of linnen. 

The ſtraight gut, over which the ſting lies. 

m m The hinder part of the laſt abdominal 
ring, which is covered with hair, and gives 
a paſſage to the ſtraight gut. 

1 Six particles or joints, of a ſubſtance be- 
tween bone and horn, which are articulated 
with the ſhanks of the ſting. | 

0 0 Two appendages always Road along with 
the ſting, and placed on each ſide of the 
ſting and the ſtraight gut. 


p The bag containing the poiſon, which the 


Bee injects into the wound made by the ſting. 

9 The blind extremities of the tube that ſerves 
to ſecrete the poiſon, and afterwards conveys 
it to the bag that is to contain it. 


M1 ©. 
Repreſenting the fling, and all its parts. 
a The ſting, compoſed of a ſheath or caſe, and 


b The poiſonous bag. | 


F The thickeſt end of 


two'thanks,” united to esch other, and ter- 
minating in a ſharp point, ſo as to look like 
a ſiggle part. * | | . Bb 2 f 


* 


| | " 2 ; 8 .. 
e The tube that ſeryes to convey the poiſon 


from its to the thickeſt part of the 
ſtin 's * 8 OY 


Kn a de. e 0 
dd The two ſhanks of the ſting, mutually 


conveying to each other. 
ee The ſheath of the ing. 


the ſheath, where the 


tube opens into it, by which it receives. the 
inſect's poiion. 


8 The extreme point of | the Nin , fe JE. 2 
the two ſhanks of that organ, thatare ah 
place cloſely united. | 


hb The beards with which the ſhanks of the 
ſting are armed at their extremities, 

e The tube that ſerves to ſecrete the poiſon, 
which it diſcharges into the-poiſon-bag.. 

EE The two blind extremities of ſaid tube. 

1411111 Three pair of cartilages, of different 
forms, which are for the moſt part of a-deep 
black, and articulated among themſelves, and 
with the ſhanks of the ſting. 

m m Two other cartilages leſs conſpicuous than 
the former, with one pair of which they are 
articulated. Theſe two cartilages m mn, are 
almoſt entirely of a membranaceous ſub- 
ſagnod 5 2 1 

nnnnnnnn Eight places in which the fore- 
going cartilages are articulated among them 
ſelves, and with the ſhanks of the ſting 4 d. 

0000 Four muſcles ſerving to move the ſting 
different ways, by the aſliſtance of the ſame 
cartilages. 

pp Two muſcles which draw the ſhanks of the 
ſting into its ſheath. 

9 94 Two appendages of the ſting which are 
moved along with it, and ſeem to anſwer no 
other purpoſe but that of ornament. 


y IG. m. 
Which again exhibits, but in a more diftinft man- 
ner, the fling and other parts relating to it. 


a The thick or blunt extremity of the ſting's 
ſheath, into which the inſect ſheds its poiſon. 

6 The ſharp extremity of the ſting's ſheath, to 
which the poiſon runs, under the ſhanks. 

c c The place where the channel of the ſheath 
grows narrower, the better to retain the 
ſhanks that are within it, in their proper ſitu- 
ation, This particular may be ſtill better 
diſcerned under the letters d d. 

dd The ſhanks of the ſting laid up within the 
channel of the ſheath, and beautifully re- 
tained in their proper ſituation by the two 
proceſſus of the ſheath, already taken notice 
of under the letters c c. 

eee The borders or edges of the ſting's ſheath, 
which are turned in, and received by the 
channels of the ſting's ſhanks, and not only 
ſerve to retain the ſting in it's ſheath, but 
likewiſe allow it leave to move freely. 

F One 


A Shot Explanation of the TABLES. 


f One of the ſting's ſhanks put ſomewhat more 


forward within the ſheath than the other 


ſhank; but after ſuch a manner, however, 
that the ſting's point ſtill remains entirely 
within the ſheath. 

g The other ſhank of the ſting, lying higher 
within the ſheath. We may here ſee by 
what means the ſting, left in the wounds 
made by it, penetrates deeper and deeper. 

The hollow, cavity or channel of the ſting's 
ſheath, when wideſt. 

i The narroweſt part of the ſaid hollow, ca- 

vity, or channel. | | | 

& One of the ſting's ſhanks repreſented by it- 
ſelf, ſo as to exhibit | 

HI The cavity or channel within which the 

edge of the ſheath is received, ſo as to afford 
the ſhank a free motion. 

m A ſegment of the ſhank cut off tranſverſely, 
to give a better view of the ſhank's cavity or 
channel. 

n The ſame channel or cavity, as it a in 
the other branch, J 8585 

o The extremity of the ſhank's channel or ca- 
vity. | 

5 Ten crooked heads or beards, with which 
each ſhank is generally furniſhed. . 

q q q Other leſs conſiderable hooks or beards. 

rr r Certain 2 of a ſomewhat cartila- 
ginous ſubſtance, and ſerving, inſtead of 
muſcles, to move the ſhanks. 

s 5s The ſmooth unbearded fides of the 
ſhanks, by which they join each other. 

7 7f The hinder parts of the ſhanks, or the 
ligaments by which they are thruſt out, 

vv Two places in which the ſting appears as 
if there was a joint in it. But this appear- 
ance is entirely owing to the air, which 
makes it appear uneven: the poiſon ſticking 
to the ſheath. 

x The poiſon bag. 

y 2 tube which conveys the poiſon of the 

2 
Z The tube by which it diſcharges its poiſon. 
FE Fahy. 

The poiſon bag of the Waſp, and the Hornet, with 

the other parts belonging to it. 

a The poiſon bag 

5 The tube by which the ſaid bag ſheds its 
poiſon. TDs | 

cc The two tubes inſerted into the hinder part 
of the poiſon bag, into which they diſcharge 
the poiſon. In the Bee there is but one tube 
to anſwer this purpoſe. | 

d d d Swellings here and there in the laſt men- 
tioned tubes, 


ee The ends of the tubes ſomewhat thicker 


than any other part. 


N 
Repreſenting the manner, in which the Bee's 
poiſon may be extracted or gathered. 


a A lender glaſs tube ſerving to receive the 
poiſon. | 


ed 
XXI 
The point of the ſting placed within the 
tube, and pouring into it the poiſon ſqueezed 
by the fingers out of the poiſon-bag. 


A B. M. 


FIG. I. 
The Bee's heart, with the parts belonging to it. 


4 a Patt of the heart ſeated in the upper region 
of the abdomen. | 

b b b Pulmonary tubes running towards each 
fide of the heart, in which they at laſt ter- 
minate. | 

Eccc ce Certain thin membranes, that ſerve 
to keep the fat in its proper place. 

4d The fat as it appears through the ſaid 
membranes, which are tranſparent. 

e ee The ovary, as it likewiſe appears through 
the ſaid membranes. 

Ff ff The muſcular fibres broken off from 
the abdominal rings, which they ſerve to 
govern. 85 

t 2345 6 The ſix abdominal rings under 
which the heart is placed, as it were in the 
inſect's back. 


FI G. II. 


The ovary of the Bee, of the ſize and form it ap- 
fears to the naked eye. 


F I G. III. 


The ſame ovary, repreſented as it appears through 
the microſcope. | 


N. B. This double ovary is compoſed of 
parts extracted from two different female 
Bees, viz. The part @ from a full-grown 
impregnated Bee; and the part e from 
another Bee leſs perfect, and not as yet 
impregnated. This I did to avoid the 
neceſſity of two figures, where I thought 
one might be made to anſwer. 


a Part of an ovary extracted from an impreg3 
nated Bee, furniſhed with an infinite num- 
ber of ducts, that contain eggs of different 

-— fixes. | 

3 b The coalition of the oviducts of each fide, 
where they diſcharge their eggs into a com- 
mon channel or duct for all the eggs of that 

| fide. | 

c Part of an ovary extracted from a female un- 
impregnated Bee. The eggs of this part 
differ greatly from thoſe of the other part à. 

d A dilatation of the pulmonary veſicle, which 
diſtributes its ramifications, and an infinite 
number of air-tubes through every part of 
the ovary, its ducts, and even the eggs them- 
ſelves. 

ee The upper parts of the oviducts of an im- 


pregnated Bee, where they unite, and the 


two parts of the ovary bend towards each 
other. ; 


F 


ODD 


xxii A Short Explanation of the TABLES. 


II The upper parts of the oriducts of an un- 


_ -. impregnated Bee, in which they are here- 
© abouts very flender, contain but very minute 


eggs, but which bend in the ſame manner 
mentioned in the preceding article. 

g The eggs of the ovary of an impregnated 
Bee, which are ſenſibly bigger and bigger, 
the nearer they approach the common ovi- 
duct of the fide, to which they belong. 

hþ þ h The eggs of an impregnated Bee, which 
are in every oviduct almoſt of the ſame ſize, 
at the ſame diſtance from the common ovi- 
duct. 

711i The eggs in the extremities of the ovi- 
ducts of an unimpregnated Bee's ovary. 
Theſe eggs are not only very ſmall in them- 
ſelves, but ſmaller, paler, ſhorter, and more 
delicate than thoſe in the extremities of the 
impregnated Bee's oyary. 

kkkkkk The eggs in both parts of the ova- 


ry, ready to fall into the greater common - 


duct. 

11 The eggs of an unimpregnated Bee, dif- 

fering in ſize, but very irrregulary, ſome of 

thoſe furtheſt from the common duct being 
bigger than the others that are much nearer, 
contrary to what appears in the impregnated 

Bee, as has been already obſerved under the 

letters gg b h. 

-m m The eggs in the extremity of an impreg- 
nated Bee's ovary, which are bigger, and of 
an oblong, and more regular form. 

an Two common ducts, or, as it were, the 
horns of the uterus, in which all the parti- 
cular oviducts terminate, and pour their 


eggs. 


N. B. Both theſe duQts are extracted from 
an impregnated Bee, though one of them 
ſupports the ovary of an unimpregnated 
One. 


TI 


o 0 The place through which the ſpinal mar- 
row takes its courſe. 

bp Part of the common duct, more ſpacious 
than the reſt, furniſhed with muſcles, or of 
a muſcular conſtruction, and within which 
are placed 

7177777 A great number of eggs ready to 
come away; theſe eggs appear a little through 
the duct, which is tranſparent. 

rrrrr Air-tubes, running through the 
horns and the common duct of the ovary. 

s 'The coalition of the two common ducts or 
horns into one narrower channel, which is 
likewiſe muſcular, and the excretory duct of 
the Bees eggs. 

t A globular or little round part or organ, con- 
taining a glutinous matter, with which the 
eggs are ſmeared over before the Bee lays 
them. The interior coat of this bag is curi- 
ouſly interwoven with an infinite number of 
air-tubes. . 


1 Two blind veſſels, that, after making a 


great many turnings, meet, and form a fin- 

gle tube. This tube terminates in the uter- 

us, of excretory duct of the eggs, and ſerves 

perhaps to ſecrete the glutinous matter juſt 

now taken notice of, and to convey it to the 

bag deſtined to receive it. ) 

x The exitus, or end of the uterus, or of the 
excretory duct of the eggs, as yet not ſuffi- 
ciently examined. 

yy The external muſcular parts of the ſting, 
broken off. 1 

2 The poiſon-bag, with 

« Its fingle ſecreting tube, and 

& The blind appendages of the ſaid tube. 

The tube by which the poiſon is diſcharged. 

The ſting of a female bee, naturally crooked. 

«* Two little parts placed by the ſides of the 
ſting, and already taken notice of in the ana- 
tomy of the working Bee. | 

2 The ſtraight gut. 


F I G. IV. 
The ovary of a Waſp. 


a a The oviducts of this ovary repreſented by 
themſelves, being ſeven of a fide, 

b b b The upper part of the ovary, extending 
to a very great length. 

c The bag containing a glutinous matter, with 
its ſecretory veſſels. This bag is ſhaped like 
a pear. 

_ Some minute eggs, of the common oval 
orm. 

e The meeting of the particular oviducts in one 

common oviduct, | 


hs © 


The egg of a Bee, repreſented by itſelf. 


a The egg, of its natural fize. 

þ The ſame egg ſeen with the microſcope, 
which ſhews an infinite number of air-ve(- 
ſels, diſtributed all over the egg's ſurface. 

cc The oviduct cut off at each end of the 


egg. 
os F IG. VI. 


The poiſon-bag of the Bee, of its natural fize. 

b The poiſon- bag repreſented under the letter 
2 of Fig. III. as it appears through the mi- 
croſcope. 

c c Two blind appendages which ſerve to ſe- 
crete the poiſon, and afterwards meet ſo as 
to form | 

e A ſingle tube, terminating in the body of 
the bag. 

b T A;B. Xo 


FIG. I. 


The head of the Male Bee, with the parts belong- 
ing to it, eſpecially the eyes, which are here 
repreſented much bigger than in nature, 


a Three fingular, or particular unequal 
| eyes, 


A Short Explanation/of the TABLES. xxii 


which in che male Bee are placed in 

e form of a triangle between, but lower 

chan the greater eyes; but in the female and 

working bees, theſe unequal eyes appear in 
the upper of the head. 

35 One of the greater eyes, eſpecially the ſu- 
perior external face of it, which is by no 
means pointed, but of a roundiſh form. 

c The internal inferior edge of the greater eye, 
which is ſomewhat pointed, fo as to leave an 
intermediate ſpace for the reception of the 
ſmaller eyes, and other parts. 

d Feathered hairs, or hairs in form of feathers, 
growing in the ſpace between the greater 

es. | 

e * Hairs with which both eyes are well ſup- 
plied, and which too anſwer the purpoſe of 

e-brows or eye- lids. 

FF The Antenne or little horns. 

g g Fibres of an inverted pyramidal and hexa- 
gonal form, which immediately appear on 
removing the cornea, and uvea of the eye. 

5% The upper part of the ſaid pyramidal fibres 

of a pretty confiderable breadth. 

7 The 2 part of the ſaid fibres, where 
they terminate in a point; likewiſe the in- 
ternal coat of the eye, upon which theſe 
fibres ſtand. 


- 


FIG. IL 


The diſpoſition or fituation of the hexagonal divi- 
| ak frons of the cornea. © 


2 A hexagonal diviſion encloſed by fix other 
ſimilar diviſions; and this order, or difpo- 
ſition, or arrangement, obtains all over the 
cornea, and all its diviſions. 


F 1 0. ML 


A fmall portion of the Cornea, along with its 
 barrs, as ſeen through the microſcope. 


11] The thickneſs of the cornea, which is 
pretty confiderable. 
mm m Hairs like briſtles, growing out of the 
Cornea, which they even perforate with their 
roots. Theſe hairs project a conſiderable 
way beyond the ſurface of the cornea, and 
anſwer the purpoſes of eye-brows and eye- 
lids. | 


ö 
The cortical Inwer fibres of the eye. 


nun The cortical fibres of the eye, which 
lie like beams or joints on the membranes 
that ſupport the upper pyramidal fibres. 

o The manner in which theſe fibres are placed 
one over another, like beams intended to 
form a raft. 

5 The brain, ſituated under theſe fibres, and 


communicating with them. 


The eyes and brain, as tbey appear on beginn 
he Aion gre oa cs apes 22 | 2 

97 The cortical fibres of the eye, ſhewing 
in what manner they lie tranſverſely or a- 
croſs, under the membranes, that ſupport 
the pyramidal fibres, and are diſtributed like 
the muſcular fibres in the papillæ of the 
kidneys. 

The origin of the ſpinal marrow. 

The cortical ſubſtance of the brain divided 
in the middle, and covering in part the cor- 
tical fibres of the eye. 

tt The manner in which the cortical ſub- 
ſtance of the brain, communicates at each 
ſide with the ſpinal marrow. 

uu The thickeſt part of the cortical fibres, 
and the place where they have the moſt ap- 
parent colour, 

x The internal coat of the eye, ſupporting the 
inverted pyramidal fibres. » 

y The firſt nodule or ſwelling, formed by the 
ſpinal marrow, after its leaving the full 

2 3 The pyramidal fibres of the eye, as they 


22 on each ſide, when juſt diveſted of 


COrnea. 


F 1 G. vi. 1 
The brain more accurately diſplayed. 


a a The cortical ſubſtance of the brain, 
ſhewing, not only in what manner it com- 


municates with, but likewiſe ſprings from 
the brain. 


b The ſecond pair of the particles of the brain, 
from which, the cortical ſubſtance derives 
its origin, | 

c The firft pair of the brain's particles, from 
which iſſue dd Bipartite nerves. * 

e e The fourth pair of the brain's particles, 
omg likewiſe in what manner the par- 


ticles of every pair communicate with each 
other. 
T A B. III. 
F109. I. 


The genital parts of the male Bee, as they appear 
through the microſcope, 


aa The two teſticles. 


b b The vaſa deferentia, twining or curling like 
the tendrils of a vine. * | 


cc The fame veſſels conſiderably dilated, fo 


as to a r like a ſecond 
Theſe veſſels are hollow. 

dd The ſeminal or feed bags, into which the 
vaſa deferentia, after growing narrower again, 
are inſerted on each fide. | 


ee The nervous root of the penis, 


pair of teſticles. 


fA 


xxiv 
* A little part or particle of a ſubſtance between 


bone and horn, of a deep brown, ſomewhat 
inclining to red, placed within the oval tube, 
wart or tubercle of the penis. 

g The penis, or part like a penis, but without 
any perforation. | os | 

b A ſmall part divided into five diviſions, 

i Another particle, ſeated, as it were, oppoſite 
to the former þ but without any diviſions. 
This particle is ſhaggy on its inſide, rugged, 
and full of wrinckles. 

k k Hollow, pointed appendages. 

Hl n ſerving to faſten the genital parts 
in the abdomen, 

m A portion of the ſpinal marrow, from which 
proceed 

un The nerves, that are diſtributed over the 

enital parts, and ſerve to move them, as 
ſikewiſe the purpoſes of ſecretion and plea- 


ſure, 


E#.40. IM 


The genital parts of the male Bee, of their 
natural ſize. 


F I G. III. 
The gent tal parts of the male Bee, beginning to 
unfold themſelves: 


cc The vaſa diferentia cut aſunder in their 
thickeſt part, to ſhew their thickneſs and 
cavity. | 

dd The ſeminal bags cut aſunder for the ſame 
purpoſe. 

e e The nervous root of the penis. | 

F A little horny bone, fituated in the bulbous 
portion of the root of the penis. 

5 The five-fold little particle, beginning to 
unfold itſelf. 

The other particle, without any diviſion, be- 
ginning likewiſe to unfold itſelf. 

& k The ſharp, hollow appendages coming out 
of the body 

99 The horny bone, conſtituting the extre- 
mity of the pudendum, 

s s Certain particles ſerving as ornaments to 
the ſaid bone. | 


£30; Ys 


The genital parts of the male Bee, a little more 
unfolded. 


e The nervous root of the penis. 
F The little horny bone placed within the tu- 
bercle of the root, further thruſt out. 
þ The quinque fida, or five-fold particle fur- 
ther thruſt out. | 
i The other particles without diviſions, alſo 
5 thruſt out. F 
k e ſharp, hollow appendages quite un- 
folded fret their ala, tar " | 
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11 Their points ſtill continue out of fight. 
7 {Dena the ſame parts, as in the laſt figure. 


13 
TAB. XXII. 
FIG. I. 
The genital parts of the male Bee, Rl farther 
thruſt out. : 


e The nervous root of the penis. 

F The little horny bone lying within the tu- 
bercle of the root. | | 

The five-fold particle ſtill more unfolded. 

i The other particle, that has got no diviſions, 
further thruſt out. | 

& E The hollow appendages quite inverted, or 
turned inſide out. 


7 Denote the ſame parts, as in the figure of 


5 the laſt plate. 
FIG. II. 
The ſame parts yet more unfolded. 
e The root of the penis beginning to grow 


ſtraighter. 

h h The five-fold particle quite unfolded, and 
exhibiting its five diviſions. 

The other undivided particle entirely diſ- 
played in like manner. 

& k The appendages perfectly inverted, or turn- 
ed infide out, and ſtiffened. 

7" {Dena the ſame as before. 


SS 


F I G. III. 


The genital parts of the male Bee unfolded to their 
utmoſt extent. 


e The root of the penis extended, for the moſt 
> within the pudendum. 

F The little horny bone ſeated in the tubercle 
of the root, now entirely thruſt out of the 
body, and appearing through the tranſparent 
parts which encloſe it. The five-fold par- 
ticle, is now ſo much dilated, as to be almoſt 
out of ſight, by lying backwards upon the 
hairy part of the pudendum. 

g The penis, or particle reſembling one, now 
perfectly inverted, or turned inſide out. 

1 The undivided pyramidal particle in like 
manner unfolded and diſplayed. 

# & The appendages as before, perfectly un- 
folded, and turgid withall. 

oo The ſame parts as before. 

SS 

f The head of the peniform particle beautifully 
plaited, | 


u A 


1 A conſiderable opening, or perforation under 


the penis, and at the bottom 


ſeed iſſues copiouſly at this opening. 


| ne Nt 
x The head of the peniform particle, which, 
however, has no opening, and affords no 


paſſage to the ſeed. 
"WT OP 


The gemtal parts of the greater Hydrocantharus, 
or Water Beetle. 
a The penis. hubs F 
5 The horn the penis, ſerving to 
faſten it MET *_ 
cc The root of the penis, 
4 The other teſticle in its natural ſituation. 
e The teſticle ſtripped of its air tubes, ſo as to 
_ exhibit its internal ſtructure. 
ff The vaſa diferentia. | 
g The thickeſt part of the ſaid veſſes. 
hhhhh Seven blind veſſels rooted in the pe- 
nis, and anſwering perhaps the purpoſe of 
proſtata. 
ii The ſeed bags neatly curled at their extre- 
mities. 
F 1 G. VI. 


The ſpinal marrow of a male Bee, ſeen through 
the microſcope 

a The origin of the ſpinal marrow. 

bb 123 4 56 7 Seven nodules, formed by the 
faid organ in its progreſs, and the nerves 

iſſuing from the ſaid nodules. 

ccce Some nerves which ſpring not from the 
nodules, but from the branches themſelves 
of the ſpinal marrow. . 

d ad d, &c. Clefts, or longitudinal perforations 
in the ſpinal marrow. 

e That part of the ſpinal marrow, which lies 
in the head and neck. 

F That part which lies in the thorax. 

g That part which lies in the particle joining 
the thorax and abdomen. 

hb The abdominal part of the marrow. 

11 Two conſiderable nerves diſtrubuted to the 
jaw bones, and other parts. 

k ; Two nerves running to the proboſcis. Theſe 
are perhaps the inſect's guſtalory nerves. 

JI Two other nerves, adminiſtering to the 
guſtatory nerves of the proboſcis. 

m m Two nerves, perhaps the optic ones; but 
I advance this with diffidence. Io 
o0 Two ſtrong nerves, diſtributed to the ge- 

nital parts. | 


FG. VII. 
Part of the ſpinal marrow, as it appears under 
a greater magniſier. 


PEÞÞÞÞ The branches, or ramifications of 
the ſpinal marrow, and the nerves cut away 
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xm, of, and be- 
tween the diviſions of, the little horny bone. 
already ſo often taken notice of. The Bee's 


XRV 


from about the nodules. = 
74 The external ſubſtance of the marrow, 
"reſembling as it were a cleſt or divided 
nerve. 3 
r Another part of the marrow lying between 
the medullary ſubſtance, and forming the 
nodules. * 0-1-4 | 


- 


TAB. XXII. 
F 1 G. I. 


The ichnography of a regular honey-comb of the 
working Bees, as it appears, when inſbected 
from above, divided into its regular hexagonal 
ſections. This deſeription could not be accu- 
razely ſketched out, without the affiſtance of 
ſome artificial lines. 


a A regular hexagonal cell, formed by artifi- 


cial lines. | 
b Double tranſverſe lines, ſerving to deter- 
mine the angles of the cells. 
c c Longitudinal lines croſſing the former. 
4d Conſtitute the ſides and diameters of the 


cells. . 
F | I G 0 II * 
Four cells of the working Bees, ſeparated frum 
the other cells, . f 


a Three cells joined ſide by fide to each other, 
and forming by the union, or meeting of 
their baſes, a cavity exactly fitted to re- 
ceive. | 

5 The bottom of a fourth cell, in caſe the Bees 
ſhould build one. Thus it may be ſeen, in 
what manner three cells, built one cloſe to 
another, form by the ſides of their bottoms 
a foundation for ſupporting the bottom of 
another cell, to be built a contrary way. 

Part of a triangular foundation ſloping down- 
wards, and of the cell built upon the ſaid 
foundation. This is formed by the meeting 
of the ſides of two cells. 

4d Two pretty long, or longer and unequal 
angles, or corners, formed by the hexagonal 
ſides of the ſame cell, and uniting with the 


former part c, ſo as to form the foundation 
of another cell, 


F 1G, Ul. 


A ſingle, regular, hexagonal cell cut lengthwiſe 
through its centre. 


a One entire third of the foundation, that is 
cut into two by this ſection. 

5% The third part of a foundation, which 
foundation is cut away. One ſegment of 
this foundation remains united at one fide 
with the third part laſt mentioned, and 
the other ſegment with the third part men- 
tioned of the divided cell, 8 b 

2 8 6 The 


„ 
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© The entire remaing third part of the divided 


foundation, ſticking to part of another cell. 
123456 The fix ſides and angles or corners 

of the cell, as they mutually anſwered one 
to another. | 


EL.0. Iv. 


Fifteen regular hexagonal cells, cut lengthwiſe on 
each fide. | 


a b The upper cells. c The lower cells. 

d The common foundation of the upper and 

lower cells, cut off. a 

eeee The ſhorter ſides of the cells. 

ff f The longer ſides of the cells. b 

g The third part of a triangular foundation 
ſloping inwards, in its natural ſituation. 


F168. V. 
A building, conſiſting of a great many cells for 


the reception of males and females, in order to 
ſhew in what particulars the ſaid cells differ 
one from another, and from the cells of the 


working Bees. 


a The cell, or little houſe, of a female Bee, 
falſly called a king Bee. This cell reſemblcs 
a pear, is irregularly built, with hollows 
here and there on its external ſurface, and is 

laced above the other cells. 

c Cells of male Bees, one third bigger than 
thoſe of the working Bees. They are here 
repreſented ſomewhat bigger than nature, 
the better to ſhew the difference. 

d The triangular foundation of the ſaid cells, 
which appear the better by removing the 
cells themſelves. 

e Triangular cavities, formed each by three 
ſimilar cells of an oppoſite fide or row, that 
are built one againſt another. Theſe cavities 
receive the bottoms of the cells of the ſaid 
ſide or row, in the ſame manner with the 
cavities in the conſtructions of the working 
Bee, already taken notice of. 

Two cells, whoſe fore edges are ſo covered 
and faſtened with wax, that their hexagonal 
form cannot be ſeen. 

g Four very irregular cells, forming a founda- 
tion for the king's cell. Theſe four cells 

ſerve, perhaps, no other purpoſe but that 
of keeping honey. 


. 


Four regular cells of the working Bees, built one 
cloſe to another, after ſuch a manner, that they 
all flick to one common or intermediate founda- 
tion, at the fame time that five of them lie to 
the rigbt, and the other five to the left. 


a Five cells belonging to one fide. Theſe cells 
taken together are an inch long, are joined 
to each other by their ſides; and their bot- 


toms lie contiguous to, and ſupport, the 


cells of the oppoſite fide. _ 

6 Five cells of the oppoſite fide, of the fame 
length with the former, and united to, and 
ſupporting them in the ſame manner. 

ce The intermediate foundation, that ſerves as 
a common bottom to the cells on each fide. 


FIG. VI. 


A fingle, regular, hexagonal cell of a working 
Bee, divided into three s > the better 7 


ſhew in what form they are conſtructed. 


aaa Three longitudinal ſegments of a cell, 
each of which contains two ſides and one 
angle. 

I-2 3 The three undivided corners formed by 
the ſides of the cell. | 

44, 55, 66 The three divided angles that were 
formed by the ſeparated ſides. 

5 The bottom of the cell, divided in like man- 
ner into three parts ; theſe parts united form 
a hollow triangular ſloping foundation. We 
may here ſee, how every two ſides of a cell 
form one part of a triangular bottom. 


FI G. Un. 


Nineteen regular hexagonal cells built cloſe to one 
another, as they appear on their back parts. 


ab The manner in which the cells of one 
fide. are laid out, ſo as to form every 
three of them, by the union of their three 
baſes, 12 3, a hollow, which ſerves as a 
foundation for a cell on the oppoſite ſide. 
For this reaſon, if you run pins through the 
three parts of 1 2 3 of the bottom of one 
cell, one pin through each part, every pin 
will penetrate into a different cell of the o 
polite fide. And on the other hand, on 
running pins through the bottoms of three 
.contiguous cells of the oppoſite fide, in that 
part where the ſaid bottoms lie neareſt to 
each other, theſe pins will all meet in one 
cell. | 


FIG. IX. Letter 3 


The cell of a female Bee repreſented by itſelf, to 
exhibit the more diſtinciiy its pear-ſhape form, 
narrow mouth, ſpacious bottom, its length, and 
the unevenneſs of its external ſurface. 


F110. 


A building, conſiſting of nineteen cells, eighteen 
of which contain the rudiments of Bees. Nine 
of theſe eighteen cells have got in them eggs, 
placed on their ends, and four others contain 
young worms, that have but lately ſhed their 
fins; the five remaining cells contain Worms 


a little bigger, and better grown. Of theſe 


laft, that marked with letter a is the largeſt, 
FIG. 
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10. XI. Letter 4. 


FIG. XII, Letter b. 
Another Bee's egg viewed with a microſcope. It 
reſembles. the ſein of a fiſh, di veſte of its 


ſeales, but fill retaining the marks of their 
inſertions. 


F I G. XIII. 


morme of Bees of different ſixes, drawn after 
nature. 


a A Worm newly hatched. 

b c de Four worms that received more nouriſh- 
ment, and are more grown. 

fg Two worms ſtill bigger than the former, 

having had more time to make uſe of the 

Da provided for them. They are 
here repreſented, as they lie doubled in their 
cells. | 

þ A Worm placed on its belly, ſo as to ſhew 
on its back a black line, inclining to a light 
blue or This line denotes the ſto- 
mach, whic appears in this place through 
the tranſparent parts that lie over it. 

1 A Worm lying on its back, and beginning 
to draw in the hinder part of its body, and 
move its head, t 


S 


The full grown Worm” of the Bee, viewed with 
the microſcope. 


aags Its fourteen annular inciſions or diviſions, 

þ The head. cc The eyes. 4 The lip. 

ee Two ſmall parts, which afterwards form 
the antennæ or horns. 

ff Two other ſmall, and as it were, articu- 
lated parts, which form the teeth. 

g The rudiment of the tongue or proboſis. 

5% Ten breathing holes. 

i The ſtomach appearing on the back through 
the parts encloſing it. | 


FIG. XV. Letter 4. 


The little houſe or neſt of a Hornet, compoſed of 


bits of barks. 


F 1G. XVI. 
A Bees cell full of Bees bread, placed in layers, 


6 Little grains, of which the ſaid ſubſtance, 


T AB. XXIV. 
F I G. J. II. and III. 


Exbibiting the manner in which the W Mary 
tubes, and breathing-holes of a Bee's worm, 
are cunſtructed. | 


4244 123456789 10 Ten pulmonary 
tubes, open on each ſide. 


56 Tubes which reach in circumference from 
one breathing-hole to another, by which 
means there is a communication between 
all the holes. 

cc The anaſtomoſis, or inoſculation of the 


pulmonary tubes belonging to the oppoſite 
ſides of the body. 

dd d The breathing: holes, or orifices of the 
pulmonary tubes. Theſe holes lie naturally 
under the ſkin, though they are here repre- 
preſented, as if they projected beyond it. 

e Rings compoſing the pulmonary tubes. 
Some of theſe rings e are longer than others /. 

g The ſkin cut off. 


FIG. IV. 
The manner of finding out the blood-veſſels of 


Inſetts. 


a A glaſs tube, part of which bellies out in the 
middle. - 


b One of its ends drawn out to a very ſharp 
point. 1 81 
c The other end, which is more open and wide 


than the former. It is at this end that the 
air is blown in. 


FIG. V. 


The tubes that prepare both the matter of which 
the Worm forms its thread, and help it to 
form them. | 


a The tubes themſelves in which the ſaid mat- 
ter is prepared. 

The place where theſe tubes meet, and form 
one trunk. 

c The diviſions of the tubes. . 

d d dd The ends of the tubes, broken off. 


FIG. VI. 
Some of the viſcera of the Worm of a Bee, 
a a The ſtomach. 


b The oeſephagus or gullet. 
c Glands appearing through the coats of the 
ſtomach. | 
dd Pulmonary tubes cut off from each fide of 
the ſtomach, over which they ſpread an in- 
finite number of ramifications. 


e The tranſparent muſcles of the ſtomach. 


viewed with the microſcope, appears to /F The pylorus. 
conſiſt, 


ggg Four blind veſſels or ts. 
* h The 


| IT 


XVII 
bh The inſertion of theſe veſſels under the 
lorus, - 
e other guts, ot inteſtines, the thick and 
"= ſtraight. 
+ The extremity of the ſtraight gut, with the 
{kin ſtill adhering to it. 


I The internal coat of the ſtomach, fall of a 
cogulated mattter. 


F I G. VII. 


The web which the Worm of the Bee forms, . in 
hich it afterwards encloſes itſelf. 


a The lower part of this web. This part is of 
a membranaceous ſubſtance, pretty thick, 
and ends in a triangular point, 

b The encloſed Nymph of the Bee, tranſparent 
in the middle. 

c The upper part of the web. This part is 
convex, and the threads compoſing it are 
very diſcernible. 


TAN AAY. 
. I. 


The Worm of the Bee, forming its web. 


a a The ſides of the cell that contain it. 

þ The bottom of the cell. 

c The entrance or door of the cell. The 
Worm is here repreſented as making its web 
in the propereſt manner to ſhut up this en- 


trance. 
I. . 


The Worm of the Bee taken out of the web, in 
which it had encloſed itſelf, and juſt ready to 
caſt its ſkin. 


4 The Worm of the Bee quite deſtitute of 
motion, after it has finiſhed its web, with 
which it is entirely ſurrounded. 

1 2 3 The three annular inciſions, or diviſions 
next its head ; the ſecond and third of which 
begin to be conſiderably diſtended, by the 


limbs growing under them. 
e Ul. 


A cell, containing the Worm of the Bee changed 
into a Nymph, and perfettly lined with the 
ſaid Worm 's web. Like the ſaid web en- 
tire, with the Nymph contained in it, as they 
appear on opening the cell. 


2 4 The ſides of the cell, lined with theWorm's 
web. 

3 The mouth of the cell, 
the web. 

c The bottom of the cell. 

d The web. entire, as it appears on opening 
the cell, which it greatly reſembles in form. 

e The upper part of the web, of a convex 


perfectly cloſed by 
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This part Abos its Hlkments pretty 


Fa 


3 
diſtinctly. 


F The encloſed Nymph appearing through the | 


«tranſparent ſides of the web. n 
g The bottom of the web, anſwering to tha 
of the a7 Ang 


FIG. ww. 


The Worm of the Bee, on the 
to a Nymph, and ſtripped of E te ng 
ter to ſhew the infant parts of the future Bee, 
which are here repreſented as they appear 
| 13 the 1 * un them 4 
tt 


a a The antennæ, or horns. 

b The proboſcis, with its parts. | 

cc The ſecond pair of joints owns. 1 to, or 
forming, the proboſcis. 

d d The firſt pair. 

e e The firſt pair of legs, lying againſt the breaſt 

F f The ſecond pair of legs. 

£ g The third pair. 

5% The greater wings. 

7 1 The ſmaller wings. 

# The abdominal wings. 


FIG. . 


Ti * ery of the working Bee, changed to @ 


6, of its natural fize and form, yet jo as 
to nv its limbs, which are folded up ing 
moſt wonderful manner. 


a a The head. 

35 Thegreatereyes, one at each fide of the head. 
c © The antenna, or horns. d The proboſcis. 
ee The wings. Ff The three pair of legs. 
g The abdominal wings. 


1G. VII. 


The Worm of a Female Bee, changed ima a 
Nymph, ſhewing its parts diſpoſed in the ſame 


manner with the former. 
FIG. VII. 


The Worm of a Male Bee, changed into a M 
differing externally from the two former 
Nymphs no otherwiſe than as the Male Bee it- 
elf diſfers from the Female Bee, and the work- 


ig Bee. 
& 1 C06; 30 


The Nymph of the Bee viewed with the microſcope, 
ping in a diflintt manner all the parts of 
the encloſed inſet, and the beautiful manner in 
which they are laid up. 


* 


a The head, bloated with humours. 

5 The eyes, projecting conſiderably. 

ce The horns, or antennæ. 

d The lip. ee The teeth, or jaw-bones. 


F The firſt pair of joints belonging to the 
proboſcis. 


gg The 
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28 The next pair. þ The proboſcis itſelf. 
5 8 The firſt pair of legs. 5 
t Two tranſparent, ſtiff little parts, lying 
againſt the Jowelt joints of the firſt pair of 
legs. _ Theſe little parts are not to be found 
"as they remain in the ſkin it ſheds on 
quitting the Nymph ſtate, 
11 The ſecond pair of legs. 
m m The wings. n The blade bones. 
o 0 The laſt pair of legs. 
The abdominal rings. 
7 The hinder parts of the body. 
rojects a little in this place. | 
r Tuo little parts accompanying the ſting. 
s The anus. os 1p 


F 1 G. X. 


The diftribution of the pulmonary tubes through 
the, wings, as they appear through the micro- 
ſcope. 


4 The origin of the wings, where the pulmo- 
nary tubes are biggeſt. 

5 Ramifications and mutual anaſtomoſes or 
inoſculations of the faid tubes through the 


The ſting 


wing. 
The extremities of the ſaid tubes. 
T AB. XXVI. 
1 


The nefts or habitation of the Humble Bees, 


a One part of the neſt, containing eighteen 
cells. 6 Another part, containing eight cells. 

c A cell quite empty, and open. 

d An irregular bit of wax placed againſt one of 
the cells, in which I found fix eggs. 

e An irregular bit of wax placed againſt one of 
the cells, in which I found twenty-three eggs. 
A part of thelittle cells that contained worms. 

7 A fete Worm extracted from its cell, juſt 
as it was on the point of becoming a nymph. 

1 A large Worm of that kind, of which I 
found two in a cell that was ſhut up. 

4 A larger Worm, found by itſelf in one of 
the cells. 

A cell divided into two parts, in one of which 
I found two ſmaller ans, and in the 
other two, a little bigger. 3 

m A little worm of that kind, of which I 
found three in one cell. 

1 A little Worm of that kind, of which I 

found four in one cell. 


o The eggs of theſe inſets faſtened or glewed 


by one of their ends, to the ſurface againſt 
which the parent lays them. 


FIG. II. 


Exhibiting the Lupus Alvearius, or Beehive 


Wolf, and the particulars of its hiſtory. 


4 The Vermicle, or Worm called the Beehive 
Wolf, by thoſe who feed them, 


E = 
* 

* 
* 


b A Butterfly of d pale gray, reſembling a 
moth, * Hoy u Bed ö Warm 
iſſues j after which it lays amongſt the ho- 
ney-combs. - | 1-4 


cc A hollow tubulated web, which the Worm 
Lupus, or Beehive" Wolf, forms, and In 

which it runs about here and there, as in fo 
many burrows. AO 

d A ſmaller Butterfly, producing a ſmaller 
kind of Beehive Wolf. 

e The web, which on the outſide a 
rough and uneven with the Inſects or 
Worm's excrements, and contains the Bee- 
hive Wolf-Worm, now full grown, and on 
the point of performing its mutation. 


F The Chryſalis or Aurelia, into which the 


Beehive Wolf Worm is changed. 
F Þ © IE 


The little Worm found in the Neſts of Wild 
Bees, and its mutations. 


a The Worm itſelf. with ſix feet, and of a 
reddiſh colour. 
5 The Nymph, into which the ſaid Worm 


afterwards changes. 
c A beautiful Beetle, which, within the 


ſpace of a year, iſſues from the ſaid bn) ww 
10 as to make it plainly appear that neither 
the Nymph nor the Worm belonged to the 

tribe of Bees. | 


F-I GO, IV. 


Another ſpecies of Wild Bees, repreſented a little 
bigger than nature. 


p F I G. V. 
A third ſpecies of Wild Bee. 
FIG. VI. 


A fourth ſpecies of Wild Bee, havin | 
and very thick antennæ or mY * 


10 VIC 
A fifth ſpecies of Wild Bee. 
FIG. VIII. | 
A fixth ſpecies of Wild Bee. 
F180. IX 


A Hornet. 


a a The Inſect's four wings. | 

bb The two ſharp nails with which the extre- 
mity of each leg is armed. 

c The head, with its eyes in the form of a 
creſcent, horns, proboſcis, and teeth. 

d Its formidable ſting. 


FIG. X. 
A Waſp of a middling fize. 
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} r 1 0 . W- 
The. Nos of the ſmalleſt ſpecies of Waſps. 


ccc Three integuments, or coats of the neſt. 

d The body of the neſt, of which a piece is 
broken off, 3 _ oo 9 

e The hexogonal cells in whi eggs are 
hatched. 


F I G. XV. 


A Waſp's neſt, that I found ſticting to a nettle, 

' Compoſed of nothing but cells, built cloſe one 
againſt another, without any integument, or 
common. Cavering. | 


: T AB. XXVII 
Repreſenting the hiſtory of the Naſicornis, or 
or horned Beetle 
„ <a. 

The Male. 


42 Its horn, which, properly ſpeaking, grows 
rather from the head than the noſe. . 

þ Its mouth, ſeated in the breaſt, furniſhed 
on the upper part with three little teeth, - of 


a ſubſtance between bone and horn, and 


- without any perioſteum ; theſe creatures 
differ from men and quadrupedes in this, 
that their bones do not lie hid within their 
bodies, but appear naked on the outſide of 
their fleſh, to which they ſerve as a defence 
and covering. 

c The ſhells or ſheaths. of the wings. 

d A little triangular, horny bone, placed be- 
tween the faid ſheaths, which it ſerves to 
keep cloſe to the body, and in the proper 
ſituation : this bone lies on the firſt ring of 
the abdomen. by 

e The edge or border of the ſheath, forming 
a kind of ornament... 

F One of this Hornet's eyes. | 

gg Twoantennz or horns : thoſe of the male 

are bigger than thoſe of the female. 

5 A little horny bone, forming the third joint 
of one of the Hornet's fix legs, which are 
all of them covered with coarſe hairs. 

1 The foot itſelf, conſiſting of five joints, the 
= of which is armed with two crooked 
nails, 
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4 A all prickle growing on the fernale's head, 
to ſupply as it were the want of 2 , 
$, and 


The wings expanded under the ſheaths, . 
the the ſheaths. themſelves à little drawn in, 
which means a better view is. obtained 0 
lit:le triangular bone, which ſerves to 
nuin-ghe hauhs" in ther proper Mitudcjon. 
cen theſe ſheaths there appear on the 
upper part of the fore or firſt rings of the 
abdomen, which in the male can only be 
ſeen in the lower part under the ſheaths. 
cc Two joints in the rings themſelves, which 
they ſerve to fold, ſo as to make them fit 
_under their ſheaths, that they may receive 
no harm, lde ce Körne creeps under 
ground. PA 


*Y 


"FIG. III. 
The Eggs. = 


a Two larger eggs. 


Two ſmaller eggs, but of different ſizes, 


„. IV. 
The Worm, 
a The Worm of the horned Beetle, called 
Coſſus, newly hatched. It here exhibits its 


yery large head, two teeth, and three legs 
belonging to one ſide of the body. | 


FIG. V. 


The Cofſus full grown, 


@ Beautiful wrinkles and folds, with which 
the ſkin is adorned. | < WM 

6 Nine reddiſh ſpots on one fide of the body, 
having each of them a hole through which 
the Worm breathes, and ſupplies with air 
its pulmonary tubes. | 

c A ſpot like the former, belonging to the 
other ſide of the body, and placed on the 
firſt or ſecond ring of it 

d One of the horns, which conſiſt each of 
five joints. 

e e The teeth, or jaw bones. 

f Two articulated briſtles, above which the 
lip appear ſeated between the teeth, 

g Three of the inſect's fix legs, each of which 
is compoſed of five joints, formed of a ſub- 
ſtance between bone and horn, beſides a 
ſingle nail ; and which are moreover covered 
with hair. 

Some pulmonary tubes which a through 
the extended Er of the 3 — 
fourteenth rin gs of the inſect's body. 


7 The extremity of the ſtraight gut forming 
the anus, 
& k Hairs 


_y Short Explanation of the TABLES. xxix 


41 Hairs covering the body. I here repreſent 
but thoſe. that grow: an the back and 
men, to avoid the neteiſſity of making the 
figure bigger than nature. vp * | 
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42 aa Nine twiſted little threads of the pulmo- 
nary tubes, appearing in one fide of the caſt 
ſkin, rolled off from the body through the 
breathing holes, at the time the Worm un- 
dergoes this mutation ; accordingly all their 
extremities lie in a direction towards the fore 
end of the body, as the ſkin at this time falls 
| 2 in a contrary direction from the hinder 
end. | 
6b Two ſmaller branches of the pulmonary 
tubes, one at each ſide of the body. Tho 
- theſe branches do not perforate or paſs thro' 
the ſkin, nevertheleſs as they are faſtened to 
it, they come away at the ſame time. One 
of theſe branches is divided into ſome {till 
ſmaller ramifications ; the other appears ex- 
actly in the condition, in which with the 
bother nine it fell naturally from the body. 
ccc Some branches and Paller ramifications 

of the nine pulmonary tubes of the other 
fide, a little folded out. 

12 3 The ſkull, which at this time divides 
into three parts. 

44 The caſt teeth, which are hollow. 

e The caſt lip. 

, The horns, which are likewiſe renewed. 

8g The two other remaining parts of the 
partes ſkull. They are hollow, and of a 

omewhat ſpherical form. 

5 Six openings in the ſkin, that formerly con- 
tained the new legs. 

The hinder part of the ſkin folded up. 


F FG. VI. 
The fibres ſerving to move the rings. 
F IG. VIII. 
The beart of the Cofſus. 


a The heart reſembling a membranaceous tube. 

The narroweſt part of the heart, ſeated near 
the head. 

c Two dilatations of the heart. 

d That part of the heart, which lies within the 
laſt rings of the body, and is very ſlender, 


FI G. IX. 


The fat, compoſed of 2 like the grains of 


abdo- 


a 4 The tranſj 


e. A 
The fat examined by the Microſcope, 
t membranaceous founda- 
tion of the fat cell. 


* * pulmonary tubes diſtributed through 

the fat. 8 

c c Globular and oily particles of fat, which 
float, as it were, in other membranaceous, 
globular, and irregular rn ſo as to 
make it probable that this fat confiſts of 
bladders. 


FIG. XI. and XII. 


The ſtomach, and adiacent parts. 

aa aa The diſſected ſkin of the Coſſus. 

The gullet. c The upper part of the ſtomah. 

dd Appendages of the ſtomach, in the ſhape 

of teeth, ſeated about the upper end of the 
ſtomach, and divided both above and be- 
low, into rows. 1 5 

1 2 The two upper rows in their natural ſitu- 
ation. Fig. XII. e. All the fix upper rows 
of the appendages, as well thoſe belonging 
to the upper, as thoſe belonging to the lower 
region are here exhibited, but as they appear 
when taken out of the body. | 

1 2 Two of the rows already exhibited, in an 
inverted fituation, as they naturally lie with 
their points directed towards the inſect's 
head. 

3 4 Two lower rows in the ſame direction. 

5 6 The two laſt rows of the appendages, ad- 
hering to the lower region of the ſtomach, 
with their points directed backwards. 


FA ſuture on the lower ſurface of the ſtomach, 


in ſome meaſure reſembling that of the peri- 
tonæum. 

g Some other appenages of the ſtomach, lying 
lower down than hoſe already taken notice 
of, with their points directed backwards, 

The hinder part of the ſtomach. 

ii The loweſt appendages, which appear as it 
were in the bottom of the ſtomach. Theſe 
appendages are directed towards the head. 

224 The vaſa varicoſa, or the ſwollen guts 
of the ſtomach, placed on the upper and 
lower parts of it, and on each fide, and 
forming a molt beautiful appearance. 

I The pylorus with the ſlender gut, which 
ſprings from the ſtomach, This part the 
antients call Ecphyſis. 

m The colon. | 

an Pulmonary tubes running from the laſt 
pair of breathing holes towards the ſtomach, 
and branching into a great many ramifica- 
tions, thot are diſtributed over the ſtomach, 
the colon, and the ſtraight gut. 

0000 The other ſixteen breathing holes, in 
their natural ſituation, as they appear thro' 
Ts tg vol OOH 
The ſtraight gut, diſplaced. 

: A rough draught of the parts of the head. 

TAB. XXVIII. 


AB. XXVII. 
8 N FI G. 1. 8 Ay ©," 
The brain and ſpinal marrow of the Cofſus. 
1 4 * 


1 | . * * | . 
a The brain, with the four nerves that it 
1 * * 
11 


b Two origins of the ſpinal marrow at ſome 
_ diſtance aſunder, but meeting lower to form 


d 4d Nerves iſſuing from the ſpinal marrow. 
7518. 


A recurrent nerve, at is appears through the 

4 a The origins of the recurrent nerves, cut 

| wo in that place where they iſſue from the 

n 

b Recurring nerves, tending upwards ; their 
aſcent may be ſeen on each fide of the in- 
ſeck's gullet. 

c c Elegant inflections of the recurrent nerves. 

4 The firſt nodule formed by the recurrent 

_ nerves after their union. 

e A recurrent nerve again changed to a ſingle 
ONE. 
The ſecond nodule of a a recurrent nerve. 

g Small nerves branching from a recurrent 
nerve. 

* FIG. III. 


The ſpinal marrow of a Silk-Worm when about to 

enter the Nymph flate, the better to ſhew the 

difference between its ſpinal marrow and that 

| of the Cofſus. As likewiſe what little reaſon 

ſome people have to confider every dilatation of 
the marrow as a diſtinct brain. 


a The brain. 

bbb 123, &c. The ſpinal marrow, conſiſt- 
ing of twelve globules or nodules, which 
are formed as it were by the union of twelve 

pair of nerves iſſuing from the brain. 

c c A pair of nerves running to the eyes. 

dd A conſiderable part of nerves iſſuing from 
the firſt nodule of the marrow, and tending 
towards the muſcles of the head, teeth, and 
other parts. Every one of theſe nerves form 
by itſelf a beautiful nodule. 

e e Two of theſe nodules. 5 

F A pair of very fine nerves iſſuing from the 
brain, or origin of the ſpinal marrow. 

g The recurrent nerves in their natural ſitua- 
tion, with the two nodules belonging to 
them, and the nerves ariſing from the ſaid 
nodules, | 

þ A pair of nerves ariſing from the firſt nodule 

of the marrow, and running towards the 

little bags that contain the juice of which the 
filk is compoſed, like a glutinous liquid. 
This pair of nerves ſerves perhaps to animate 
the moving and extruding fibres of the ſaid 
filk bags. c 
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- nerves that proceed from the brain, and. 

nodule of the ſpinal marrow, and are aiſtri- 
98 chiefly towards the muſfele of che 

& k k k Four pair of nerves which iſſue from 
the very origins of the martow, and by no 
means from its nodules. © In my opinion the 
origin of all the other nei ves 1s like this, as 


more particularly appears in the neryes of 
the Silk- Worm Butterfly, in which the ſub- 


ſtance forming the nodule is of a different 
nature from that of the ſpinal marrow, ſo 
that the whole is encloſed in the latter merely 
for the ſake of procuring it greater firmneſs. 

In man, the origin of whoſe marrow conſiſts 
likewiſe of two parts, the nerves ariſe in like 
manner from the nervous of the mar- 
row, which is full of fibres, and after pro- 
ceeding a little way beyond the ſaid ner- 
vous part, and growing ſomewhat * 
they every one of them unite to form ſuch 
nodules at different diſtances from their ori- 
gin. The ſame diſpoſition is obſervable 
even in quadrupedes. On placing the warm 
marrow of theſe inſects on cold ſpring water, 
it hardens to a conſiderable degree, and very 
plainly exhibits its fibres, and the heter 
neous matter, of which it is formed. is 
circumſtance I have repreſented by a great 
many curious drawings, done after nature, 
in Dr. Slade's houſe, from a ſpinal marrow, 
publiſhed by Dr. Blafius with his book of 
Commelyn. But this laſt gentleman added 
the deſcription. My name was not men- 
tioned on this occaſion, becauſe ſome other 
Gentlemen, who aſſiſted me in the diſſection, 
not chooſing to have their names made pub- 
lick, I thought it improper that mine ſhould. 

It is likewiſe very remarkable, that in men and 
brutes, the pia mater, encloſing the medul- 
lary ſubſtance that iſſues like a fine filament 
from the marrow, in order to form a nerve, 
lies ſo cloſe and firm about the nerves, that it 
is ſcarce, if at all poſſible, to penetrate into 
its ramifications with the fineſt threads that 
glaſs can be drawn into. And as this narow- 
neſs is ſtill increaſed by the medullary ſub- 
ſtance, it is eaſy to gueſs how ſubtile that 
matter muſt be, which flows through theſe 
and other nerves, and is only reſtrained by 
that very fine membrane called the pia ma- 
ter, I therefore firmly believe, that this 
matter, called the animal ſpirits, is not to be 
pomp or contained by any veſſels, and is, 

or that reaſon, altogether inviſible. 

But that theſe little nerves ſhould be in no dan- 
ger of entangling one with another, or diſ- 
placed, the Author of Nature has contrived 
that they ſhould form various nodules; and 
that each of them, at its origin, ſhould, in 
men, as well as beaſts, be connected by that 
delicate membrane, which forms the third 
coat of the brain, and is called, by * 

arach- 


A Short ' Explanation of the TABLES. 


* Arachnorides, on account of its extreme 
ſineneſs. The cavities of the ventricles of 
the brain are united together merely by 
means of the ſaid coat, which likewiſe ſerves 
to keep firm in their proper ſituation the ar- 
teries adhering to the bottom of the brain. 
As therefore the ventricles of the brain have 
no other coat to encloſe and connect them, 
but this very delicate one, which gives way 
to the ſlighteſt impreſſions, we may eaſily 
ſee, that the ſaid ventricles are by no means 
ſuited to contain the animal ſpirits, which 
no doubt are continually paſſing and repaſſing 
through the. whole ſubſtance of the. brain, 
marrow, and nerves, in order to contract 
the muſcles. It is therefore the pia mater 
alone that can be ſuppoſed to contain the ani- 
mal ſpirits, But I "dſolutely deny, that, as 
ſome people think, theſe ſpirits paſs in great 
quantities through the ſaid coat, as there are 
not to be found in the brain or origin of the 
marrow any ventricles ; or any great quantity 
of ſpirits, that we may ſuppoſe to be driven 
backwards and forwards in ſuch a manner. 
Beſides what power ſhould drive them. 
There are no muſcles at hand for that pur- 
poſe ; and as to the opinion of ſome, who 
attribute ſuch a motion to the heart, experi- 
ence ſufficiently proves, that the juices ſe- 
creted from the blood move ſlower than the 
blood itſelf, It would be more agreeable to 


experience to ſuppoſe, that ſome juices are 


ſecreted from the blood into the nerves, in 
order to move the muſcles; nor would a 
great quantity of ſuch juices be neceſſary, as 
appears plainly in the caſe of the ſmalleſt 
tumours. 
In Frogs, the Wray-fiſh, and other animals, 
after the nerves have been ſeparated ſome 
hours from the ſpinal marrow, and all mo- 
tion has ceaſed in the muſcles, I can not- 
withſtanding reſtore the ſaid motion, by on- 
ly any how irritating the nerves ſo cut off. 
And this makes me believe, that the blood, 
that continually flows through the arteries 
into the marrow and nerves, produces in the 
muſcles, by means of the nerves, ſuch a 
conſtant irritation, as muſt keep the muſcles 
in a ſtate of perpetual contraction. To ex- 
plain the mechaniſm of this motion ; The 
food we take in, after paſſing through the 
heart, increaſes our blood : the blood drives 
to the brain, irritates the muſcles to con- 
traction, by ſecreting ſome few ſubtile par- 
ticles, which are moved towards the nerves, 
and penetrate them. The muſcles will, in 
their turn, put their contents in motion, and 
thus a perpetual and- uninterrupted motion 
muſt of courſe be produced in all the parts of 
the animal machine. It would certainly be 
worth while to demonſtrate, by a due courſe 
of experiments, theſe operations of the blood, 
ſpirits, nerves, and muſcles. What I have 
here ſaid of them is only by way of paren- 


xxxiii 
theſis, and therefore T think- I have ſaid 


enough. 20 3 WIN 293 of 

1111 Some very beautiful inoſculations of the 
nerves. i 

n mm The reſt of the nerves iſſuing from the 
lower part of the medullary nodules. 

nn Fc. Some ou of the ſpinal marrow, 
where its diviſions are not ſo conſpicious, 
as more particularly appears in three places 
near the breathing-hole, or reſpiratory 
points. | | 

1 2 3, Fc. Nine breathing-holes, which 1 
here repreſented, to ſhew the ſituation of the 
ſpinal marrow, with reſpect to the annular 
inciſures of the body. 

o In this place I have repreſented the ſpinal 
marrow with agreater cleft, than it really has, 
the better to ſhew the nerves JJ. 


o 


The remaining part of this figure repreſents 
the genital parts of the Male Silk-Worm 
Butterfly. 


ppb Two branches of the laſt and greateſt pair 
of nerves, which branches, proceeding from 
the loweſt part of the marrow, are cleft neat 
their extremities, and form a ſlit for the paſ- 
ſage of the vaſa differentia v r. 

79 The teſticles of the Silk-Worm Butterfly, 
already diſcernible in the Silk-Worm itſelf. 

r The vaſa differentia. 

s s Places at which the ſaid veſſels run in a ſur- 
priſing manner through the nerves of the 
marrow. I leave others to judge whether or 
no this diſpoſition contributes to increaſe the 
titallation. | 

FA proſtata, or ſomething analagus to that 
glandule, 

u u The ſaid bags, ſupplied with their ſeminal 
matter from two diſtinct tubes. Theſe bags 
are not only ſeparated from the vaſa differen- 
tia, but have not the leaſt communication 
with them. | 

x x The body of the penis, with a perforation 
from end to end for the paſſage of the ſeed. 

y y Two nails or hooks growing near that part 
of the penis, which is of a ſubſtance between 

bone and horn. It is by means of theſe nails 
or hooks that the male fixes itſelf againſt the 
vulva of the female, and draws her towards 
him, the ſurer to penetrate her with his pe- 
nis. The ſame contrivance appears in the 
horned Beetle, and other inſects. 

2 Part of the penis, conſiſting of a horny 
bone. The — ſerves as a præputium or 
ſheath, from whoſe fore end the penis pro- 
jects. 


. 


An oval neſt, hollowed out under ground by the 
. Cofſus, in which it changes to a Nymph. 


a a The earth in which the Coſſus had ed 
its oval neſt. | 


I b The 
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4 The brain, with che four nerves that it 

b Two origins of the ſpinal marrow at ſome 

_ diſtance aſunder, but meeting lower to form 

d dd Nerves ifſuing from the ſpinal marrow. 

$0 
A recurrent nerve, as is appears through the 
eee | 

4 a The origins of the recurrent nerves, cut 

off in that place where they iſſue from the 
brain. 45 

b b Recurring nerves, tending upwards ; their 


aſcent may be ſeen on each fide of the in- 


ſect's gullet. 

c c Elegant infleQtions of the recurrent nerves. 

4 The firſt nodule formed by the recurrent 
nerves after their union. 

e A recurrent nerve again changed to a ſingle 
ONE. | 

F The ſecond nodule of a a recurrent nerve. 

g Small nerves branching from a recurrent 
nerve. 

8 FI G. II. 


The ſpinal marrow of a Silk-Worm when about to 
enter the Nymph flate, the better to ſhew the 
difference between its ſpinal marrow and that 
of the Cofſus. As likewiſe what little reaſon 
ſome people have to c every dilatation of 
the marrow as a diſtinct brain. 


4 The brain. 

bbb 123, Sc. The ſpinal marrow, conſiſt- 
ing of twelve globules or nodules, which 
are formed as it were by the union of twelve 

pair of nerves iſſuing from the brain. 

c c A pair of nerves running to the eyes. 

dd A conſiderable part of nerves iſſuing from 
the firſt nodule of the marrow, and tending 
towards the muſcles of the head, teeth, and 
other parts. Every one of theſe nerves form 
by itſelf a beautiful nodule. 

e e Two of theſe nodules. 


F A pair of very fine nerves iſſuing from the 


brain, or origin of the ſpinal marrow. 

g The recurrent nerves in their natural ſitua- 
tion, with the 'two nodules belonging to 
them, and the nerves ariſing from the ſaid 
nodules. | 

þ A pair of nerves ariſing from the firſt nodule 
of the marrow, and running towards the 

little bags that contain the juice of which the 
filk is compoſed, like a glutinous liquid. 
This pair of nerves ſerves perhaps to animate 
the moving and extruding fibres of the ſaid 
filk bags. 
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ii Two pair of elegant nodules; formed by 
- * Bat proceed from the brain, 21 
nodule of the ſpinal marrow, and are Ulftri- 
b_ Chiefly towards the muſele of che 
k k k k Four pair of neryes which iſſue from 
the very origins of the martow, and by no 
means from its nodules. In my opinion the 
origin of all the other nei ves is like this, as 
more particularly ap 


pears in the nerves of 
the Silk-Worm Butterfly, in which the ſub- 
ſtance forming the nodule is of a different 
nature from that of the ſpinal marrow, ſo 
that the whole is encloſed in the latter merely 
for the ſake of procuring it greater firmneſs. 

In man, the origia of whoſe marrow conſiſts 
likewiſe of two parts, the neryes ariſe in like 
manner from the nervous of the mar- 
row, which is full of fibres, and after pro- 
ceeding a little way beyond the faid ner- 
vous part, and growing ſomewhat longer, 
they every one of them unite to form ſuch 
nodules at different diſtances from their ori- 
gin. The ſame diſpoſition is obſervable 
even in quadrupedes. On placing the warm 
marrow of theſe inſects on cold ſpring water, 
it hardens to a confiderable degree, and'very 
plainly exhibits its fibres, and the heteroge- 
neous matter, of which it is formed. is 
circumſtance I have repreſented by a great 
many curious drawings, done after nature, 
in Dr. Slade's houſe, from a ſpinal marrow, 
publiſhed by Dr. Blaſius with his book of 
Commelyn. But this laſt gentleman added 
the deſcription. My name was not men- 
tioned on this occaſion, becauſe ſome other 
Gentlemen, who aſſiſted me in the diſſection, 
not chooſing to have their names made pub- 
lick, I thought it improper that mine ſhould. 

It is likewiſe very remarkable, that in men and 
brutes, the pia mater, encloſing the medul- 
lary ſubſtance that iſſues like a fine filament 
from the marrow, in order to form a nerve, 
lies ſo cloſe and firm about the nerves, that it 
is ſcarce, it at all poſſible, to penetrate into 
its ramifications with the fineſt threads that 
glaſs can be drawn into. And as this narow- 
neſs is ſtill increaſed by the medullary ſub- 
ſtance, it is eaſy to gueſs how ſubtile that 
matter muſt be, which flows through theſe 
and other nerves, and is only reſtrained by 
that very fine membrane called the pia ma- 
ter, I therefore firmly believe, that this 
matter, called the animal ſpirits, is not to be 
gathered or contained by any veſſels, and is, 
for that reaſon, altogether inviſible. 

But that theſe little nerves ſhould be in no dan- 
ger of entangling one with another, or diſ- 
placed, the Author of Nature has contrived 
that they ſhould form various nodules; and 
that each of them, at its origin, ſhould, in 
men, as well as beaſts, be connected by that 
delicate membrane, which forms the third 
coat of the brain, and is called, by us, 

| arach- 


* Arachnorides, on account of its extreme 
fineneſs. The cavities: of the ventricles of 


the brain are united together merely by 
means of the ſaid coat, which likewiſe ſerves 
to keep firm in their proper ſituation the ar- 
teries adhering to the bottom of the brain. 
As therefore the ventricles of the brain have 
no other coat to encloſe and connect them, 
but this very delicate one, which gives way 
to the ſlighteſt impreſſions, we may caſily 
ſee, that the ſaid ventricles are by no means 
ſuited to contain the animal ſpirits, which 
no doubt are continually paſſing and repaſſing 
through the. whole ſubſtance of the brain, 
' marrow, and nerves, in order to contract 
the muſcles. It is therefore the pia mater 
alone that can be ſuppoſed to contain the ani- 
mal ſpirits. But I abſolutely deny, that, as 
ſome people think, theſe ſpirits paſs in great 
quantities through the ſaid coat, as there are 
not to be found in the brain or origin of the 
marrow any ventricles ; or any great quantity 
of ſpirits, that we may ſuppoſe to be driven 
backwards and forwards in ſuch a manner. 
Beſides what power ſhould drive them. 
There are no muſcles at hand for that pur- 
ſe ; and as to the opinion of ſome, who 
attribute ſuch a motion to the heart, experi- 
ence ſufficiently proves, that the juices ſe- 
creted from the blood move ſlower than the 
blood itſelf. It would be more agreeable to 
experience to ſuppoſe, that ſome juices are 
ſecreted from the blood into the nerves, in 
order to move the muſcles; nor would a 
great quantity of ſuch juices be neceſſary, as 
appears plainly in the caſe of the ſmalleſt 
tumours. 
In Frogs, the Wray-fiſh, and other animals, 
after the nerves have been ſeparated ſome 
hours from the ſpinal marrow, and all mo- 
tion has ceaſed in the muſcles, I can not- 
withſtanding reſtore the ſaid motion, by on- 
ly any how irritating the nerves ſo cut off. 
And this makes me believe, that the blood, 
that continually flows through the arteries 
into the marrow and nerves, produces in the 
muſcles, by means of the nerves, ſuch a 
conſtant irritation, as mult keep the muſcles 
in a ſtate of perpetual contraction. To ex- 
plain the mechaniſm of this motion ; The 


food we take in, after paſſing through the 


heart, increaſes our blood : the blood drives 
to the brain, irritates the muſcles to con- 
traction, by ſecreting ſome few ſubtile par- 
ticles, which are moved towards the nerves, 
and penetrate them. The muſcles will, in 
their turn, put their contents in motion, and 
thus a perpetual and- uninterrupted motion 
muſt of courſe be produced in all the parts of 
the animal machine. It would certainly be 


worth while to demonſtrate, by a due courſe 


of experiments, theſe operations of the blood, 
ſpirits, nerves, and muſcles. What I have 
here ſaid of them is only by way of paren- 
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theſis, and therefore I think I have ſaid 
enoaghb. £1 Lenny | 

I I I Some very beautiful inoſculations of the 
nerves. i 

mmm The reſt of the nerves iſſuing from the 
lower part of the medulliry — 

nnn &c, Some =_ of the ſpinal marrow, 
where its diviſions are not ſo conſpicious, 
as more particularly appears in three places 
near the breathing-hole, or reſpiratory 
points. | 

I 2 3, Cc. Nine breathing-hules, which [ 
here repreſented, to ſhew the ſituation of the 
ſpinal marrow, with reſpe& to the annular 
inciſures of the body. 

o In this place I have repreſented the ſpinal 
marrow with agreater cleft, than it really has, 
the better to ſhew the nerves //, 


The remaining part of this figure repreſents 
the genital parts of the Male Silk-Worm 
Butterfly. 


pb Two branches of the laſt and greateſt pair 
of nerves, which branches, proceeding from 
the loweſt part of the marrow, are cleft neat 
their extremities, and form a lit for the paſ- 
ſage of the vaſa differentia r. 

77 The teſticles of the Silk- Worm Butterfly, 
already diſcernible in the Silk-Worm itſelf. 

r The vaſa differentia. 

Places at which the ſaid veſſels run in a ſur- 
priſing manner through the nerves of the 
marrow. I leave others to judge whether or 
no this diſpoſition contributes to increaſe the 
titallation, | | 

A proſtata, or ſomething analagus to that 
glandule, 

u u The ſaid bags, ſupplied with their ſeminal 
matter from two diſtinct tubes. Theſe bags 
are not only ſeparated from the vaſa differen- 
tia, but have not the leaſt communication 
with them. | 

x x The body of the penis, with a perforation 
from end to end for the paſſage of the ſeed. 

y y Two nails or hooks growing near that part 
of the penis, which is of a ſubſtance between 

bone and horn. It is by means of theſe nails 
or hooks that the male fixes itſelf againſt the 
vulya of the female, and draws her towards 
him, the ſurer to penetrate her with his pe- 
nis. The fame contrivance appears in the 
horned Beetle, and other inſects. 

2 Part of the penis, conſiſting of a horny 
bone. The — ſerves as a præputium or 
ſheath, from whoſe fore end the penis pro- 
jects. 


FI O. Iv; 


An oval neſt, hollowed out under ground by 
. Coſſus, in which it changes to a Nymph, 


the 


a a The earth in which the Coſſus had fed 


its oyal neſt, 


5 b The 


* 


e A Short Explanation 


5 The neſt itſelf. | 


e The Coſſus, changed into a Nymph. 
"ot FIG. v. 
The c 


banges viſible in the internal parts of the 
Cofſus, a little befare its entering the nymph 


Co 


a The gullet as not yet altered, and paſſing 
through a cleft in the marrow, while the 
Coſſus continues in the Worm ſtate. 

55 The ſtomach, with its appendages con- 

ſiderably contracted. 

d d d The vaſa varicoſa ſeparated from the up- 
per and lower parts of the ſtomach, and out 
of their natural ſituation. 

e The inſertion of theſe veſſels; for behind 
the pylorus they open by four tubes into an 
ecphyſis. | 

F The colon, almoſt of its former ſize, ow- 
ing to the contents of the ſtomach and ſmall 
gut being fallen into it. 

g Cells of the colon, with its ligament in the 
middle. 

5 The ſtraight gut. 

7 7 The vaſa varicoſa folded and coiled in a moſt 
ſurpriſing and beautiful manner againſt each 
ſide of the ſtraight gut. 

& A rough draft of the Worm's head. 


FIG. VI. VII. and VIII. 


A front view of the Nymph of the Cofſus, and all 
its parts, flightly expreſſed by the graver, and 
deſcribed by lines only, the better to ſbew its 
parts. The eighth figure repreſents the lower 


parts of the Cofſus's head, that the changes it 


undergoes may be the better comprehended. 


a The horn growing on the noſe. 

5 The root of the ſaid horn; which in the 
Beetle is covered on its lower part with ſome 
ſtiff red hairs. This part grows in the noſe 
of the Coſſus. 

c c Two ſpherical tubercles, being the remains 
of the Coſſus's teeth 4d. Fig. VIII. And 
therefore theſe teeth are four times ſmaller 
in the Beetle, than they were in the Coſſus. 

dd The teeth of the Coſſus. | 

e e Two pair of tubercles like the former, be- 
ing the remains of the Coſſus's horns F/ 
Theſe tubercles are of quite another form in 
the Beetle. 

FF The Coſſus's two horns. 

gg Two tubercles of a more oval form, grown 

from the articulated briſtles of the Coſſus h h, 
and afterwards viſible in the Beetle itſelf. 

h h The articulated briſtles of the Coſſus. 

7 Three beautiful globules placed in the middle, 
and growing from the particles of the Coſſus 

marked Ex. Theſe globules are likewiſe of 
another figure in the Beetle. | | 

& The four briſtles of the Coſſus, already taken 
notice of, 


of the TABLES: 


1 The greateſt ſpherical divifion of the Nymph, 
vrhich in the Beetle conſiſts of a horny bone, 
and is covered with hair on each fide. 


unn The breaſt bone. KEE 


I 1 The firſt pair of legs, 

2 2 The ſecond pair. | 

3 3 The third pair, with its joints 
nn The ſheaths of the wings. 

0 A ſmall portion of the wings themſelves. 
pp The abdominal rings. 
9 The two ſhield-like parts of the anus. 


FIG. I. 


A back view of the Coſſus, ſhewing the fourteen 


annular incifions of its body, and the tranſpoſi- 
tion of its breathing-boles. 


1 The firſt ring of the body, now armed with 
a horn on the head. | 

2 1 The ſecond ring, in which the firſt pair of 
breathing-holes is ſeated under the fore legs, 
one at each ſide of the thorax. 

3 4 The third and fourth ring, which form 
but one ring, and may be ſaid to conſtitute 
the hinder part of the thorax. 

5 2 The fifth ring, in which the ſecond pair 
of breathing-holes is ſeated undar the wings, 
one at each fide. 

6 3 The fixthring, in which the third pair of 
breathing-holes externally appears, one at a 
ſide, on the borders of the belly. 

7 4 The ſeventh ring, and fourth breathing- 
hole. | 

8 5 The eighth ring, and fifth breathing-hole. 

9 6 9 7 ninth and tenth ring, and fixth 


2 


and ſeventh breathing- holes, all very 
10 7 diſtinct in the Coſſus, but in the Beetle 


pretty cloſely united. 


10 8 J The eleventh, twelfth, and thirteenth 
12 9 rings, which now in a manner form 
13 but one ring. The eighth pair of 


breathing- holes, placed on the eleventh ring, 
is almoſt cloſed up in the Nymph. And the 
ninth pair, which in the Coſſus appeared in 
the twelfth ring, is no longer to be ſeen in 
its Nymph. | 

14 The fourteenth ring, viſible only in the 
belly, between the two ſhield-like parts. I 
here only mark its ſituation. 


T AB. XXIX. 
F1@:£-: 
The Caterpillar of the feift Butter fl. 


4 Its head, and ſome of the hairs growing on 
its . e or forepart; likewiſe its two 
teeth. . 

6 Its breaſt. c Its belly. 

d = tail, in which are ſeen its two hinder legs. 

e The extremity of the tail, ending in a point. 
Neither the -breathing-holes, the of gy go 
middle part, are to be ſeen in this Cater- 

pillar, 


pillar, as I þave repreſented it lying on its 
We ite - » -& - 


* 


The Chryſalis or Aurelia of the fwift Butterfly, 1 


© belonging to the ſecond mode of the third order 
or claſs. 5 4 


0 


a The eye. | SOR Oy | 
The proboſcis, beautifully bent back towards 
the belly. 


c The horns and legs, ſtretched over the body. 
d The wing belonging to one fide, 
ee The rings of the breaſt, and of the abdomen. 


FIG. II. 
The ſwift Butterfly. 


a a The eyes. 

6 The antennæ or horns, growing above the 

es. 

c The proboſcis, confiſting of a double tube, 

by means of which this inſect conſtantly 

ſips up its food, while flying. It is to be 
noted that the great length of this curious 
organ is contrived by Nature, that the in- 
ſect ſhould take its food without being obliged 
to fly too near the flowers, which might in- 
Jure its wings. 
he extremity of the proboſcis, coiled up by 
means of ſome minute muſcles. . Thus the 

Butterfly can gather up this part into a little 

compaſs, and hide it between the forks. 

e A fide view of part of the forks. The forks 

are two particles covered with hairs, formed 

like a feather. 

F The tail, by means of which the inſect, when 
on the wing, ſhapes its courſe; ſo that its 
flight is ſteddier than that of other Butterflies. 
The reſt appears behind the head and breaſt, 
and the abdomen, which is beautifully 
adorned with hairs, made in form of feathers, 
and of changeable colours. | 

5 g The upper wings, which are the largeſt. 
þ The lower wings. All the four wings are 
curiouſly ornamented with hairs and ſcales. 
And theſe ornaments, by containing a great 
deal of air, make the Butterfly lighter than 
it otherwiſe would be, and conſequently the 
fitter for flying. 


d 


© 1-0. IF, 


The Sicarius, or Aſſaſin Worm, an aquatic inſet. 
aa Its fix hairy feet. B26, | 


6. Its hairy tail, furniſhed, as it were with two 

dars, by means of which the Worm can 
float on the ſurface of the water. 

cc Sharp and crooked teeth with which this 
inſet kills other inſe&s for its food, and 


4d Eight of the inſets twelve eyes, of which 


x are at one ſide of the head, and fix at 


other. | 


A Short Explanation of the TABL ES 


o 


Xxxv 


e ee Four ariculated briſtles growing under 
and between the teeth, | 5 : 


FF Two longer briſtles, which may be con- 
fidered as 1 8 199 


inſects horns. 
Six breathing holes. This Worm has ſix- 


teen. | 
FIG. v. 


* 


A tooth of the Sicarius, or Aſaſſn Worm, Cr wed 


with the microſcope. 1 
a The point of the tooth, ſharp, and crooked, 


A ſharp ridge on the internal ſurface of the 


the tooth, 
c The convexity of the external ſurface, _. 
d An oblong aperture, or ſlit, through which 
that inſect ſucks its food, 


FIG. VI. 


The breathing holes of the Beetle, in their natural 

ſituation; as likewiſe the rings of the body, 
which may be taken from the figure of the 
Nymph already exhibited. 


a 1 The firſt breathing hole placed obliquely 
backwards in the breaſt bone, upon the ſe- 
cond ring. 

b 2 The ſecond breathing hole, ſituated higher 
under the wings in the fifth ring, and in an 
oblique direction to the firſt breathing hole. 

c 3 The third hole, ſituated a little higher up 
on the edge of the abdomen, and in the 
fixth ring, 

d 4 The fourth till a little higher up on the 


ſeventh ring. 


e 5 The fifth higher up again in the eighth 
ring. 
76 = 58 The ſixth, ſeventh, and eighth 


holes, conſiderably ſmaller than the pre- 
ceeding ones. They lie on the ninth, tenth, 
and eleventh rings. 

i 9 The ninth hole, that appeared in the 
twelfth ring, now quite cloſed up. 


FIG. VII. and VIII. 
The eyes, optic nerves, and brain of the Beetle, 


4 The eye juſt diveſted of the cornea, and the 
uvea, ſo as to ſhew its inveſted pyramidal 
fibres, ä | 

A ſnow white fibrous coat of the eye, in 

which all the pyramidal fibres terminate. 

c The optic nerve ſeparated from the infide of 
the ſaid coat's cavity. | 

The dark colour of the ſaid coat. There 
are in this place a great many ramifications 
of the pulmonary tubes, of which I have 

repreſented three branches. . 

e The manner in which the pulmonary tubes 

run along the inverted pyramidal fibres in a 

a ſerpentine courſe towards the cornea, in 

the eye of a live Beetle. I have repreſented 

theſe pulmonary piſtules, ſomewhat _— 
an - 
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the more diſtinct. 14 ww 
ff Two horny bones growing on the ſkull, 
over the eye, which they in a manner divide. 
gz An expanſion of the ſkull; of a ſubſtance 


between bone and horn, commonly called 


the noſe-horn, with its rugged ſurface. 

b A ſuperficial diviſion of that part of the eye, 
which lies within the ſkull ; this diviſion is 
formed by the upper projections of the ſkull. 

i The brain, conſiſting, as it were, of two 

united globules. | 

-& Pulmonary tubes of the dura mater, and op- 
tic nerves. 1 | | 

I I The fineſt parts of the optic nerves, juſt at 
their iſſuing from the brain. 

m m The ſame nerves grown bigger. 

nn The ſame grown ſmaller. 

% The ſame again increaſed, on their ap- 
proaching the eyes. 

pp The origin of the ſpinal marrow, cut off 
in that part where it forms a ſlit for the 


paſſage of the gullet. 
FIG. IX. 


The Pulmonary tubes, with their wveficles in the 
horned Beetle. 


a 4 Diſtended veſicles of the pulmonary tubes, 
of which I here give an entire branch bigger 
than nature. 

6 6 Tubes and their literal branches, ſpringing 
from the upper part of the veſicles. 

cc Some tubes iſſuing from the ſides of the 
faid veſicles. 


F 1 G. X. 


A pulmonary branch and its veſicle, viewed with 
the microſcope. 


a a Rings that compoſe the tube, of a ſub- 
ſtance between bone and horn. 

b The ſtructure of theſe rings, which is ſuch 
as to make it probable they are formed by a 
concretion of ſpherical particles. 

cc Some places, in which the convolutions, 
compoſing the rings are terminated, and ſuc- 

ceeded by new ones. 

dd Membranes binding the rings together; 
in theſe membranes there appear ſpherical 
particles, of which they are in a manner 

compoſed. 

e e Some ſmaller rings at the top and bottom, 
of the pulmonary veſicle. 

F f The a of the pulmonary veſicle it- 


ſelf. It is of a white membranaceous ſub- 
ſtance, compoſed of an infinite number of 
minute globules, which on account of their 
convex ſurfaces give this part, as often as 
the light ſhines on it, a white colour, though 
without any reſplendency. 


plariation of the T A BEE 8 


„ 

Vifcule pneumatice, ar breathing, or pulmanary 
veficles, that appear beteween th two plates of 
the ſheath covering the wings. © 825 

4 a The two largeſt branches of the trachea, 


Which appear through the faid plates, on 


holding them to the light, and examining 
them with the microſcope in that ſituation. 
b b b Pulmonary tubes iſſuing from the branches 
a a, with their veſicles. | © Fs 
c c c Pulmonary tubes iſſuing from the ſaid 
veſicles, and again forming other veſicles 
and tubes, &c. | 


U N. 


The firſt ſpecies of an Exotick, Rhinoceros, or 
| | borned Beetle. 


a Its eye, from which iflue the projecting part 
of the ſkull. | 

b An excreſcence of the ſkull, forming a kind 
of horn, in the middle of which there ap- 

a tubercle with a ſharp point, and a 
fingle cleft at its end. 

c The breaſt bone projecting on the fore part 
in a ſingle tube, which terminates in two 
teeth. : 

dd The two lids or covers of the wings, be- 
tween which there lies on the inſe&'s back 
about its breaſt a triangular horny bone. 

This bone keeps the lids or covers when ſhut 
from running one over the other. 

e The abdominal rings, in which are the two 
breathing holes of the Beetle, that are al- 
moſt cloſed up; I have left them unſhaded, 
that they may appear the plainer. 

f The three legs belonging to one fide, 
with their joints, nails, and hair. The 
breaſt- bone of this inſet, and likewiſe the 
projecting part of the ſaid bone, and the 
noſe-horn, are all of a deep brown inclining 
ro black ; but the ſheaths of the wings are 
ſomewhat paler, and near to a light red, 
The legs are black. | 


F--4 0. - as 


A ſecond ſpecies of the horned Beetle, which may 
be very properly called the flying Elephant. 


a The eye belonging to one ſide of its head, 
in regard to which it plainly appears, that it 
is covered like that of the Dutch horned 
Beetle, by a projecting proceſſus of the ſkull, 
of a ſubſtance between bone and horn, and 
that it is likewiſe united with the faid proceſs. 

6 Another projection of the breaſt bone, of the 
ſame ſubſtance with that of the ſkuil. This 
projection covers the eye too, but is by no 
means united with it; for the eye is only 

| | hid 


A Short Explanation of 


hid by the ſaid projection, which ſerves as 
an ia id, and —— and for- 
forwards over 
its head. 

Some ornaments of the ſkull. 

4 The noſe-horn of the ſkull, reſembling the 
proboſcis of an Elephant. 5 

A tubercle, in form of a tooth, growing near 
the end of the noſe-horn, which is more- 
over cleft in the middle ; but as this is a fide 
view of the inſect, the ſaid cleft cannot be 
ſeen. | 

F The breaſt bone. 

g g Two ſharp prominent forks, or teeth of 
the breaſt-bone, in regard to which I con- 
der this inſe& as having ſome reſemblance 
to an Elephant. | 

h The lids that cover the wings. 

The ſecond joint of the legs. 

& The third joint. | | po. 

The fourth joint, or the foot, with its joints, 
hairs and nails. | 

As all theſe parts are compoſed of a ſolid horny 
bone, the muſcles are encloſed by them, 
whereas on the contrary in men and quad- 
rupedes, the bones lie within the fleſh. This 
Beetle is very black, but ſhining withall, 
like poliſhed ebony, ſo as to afford a very 
1 ing rA eſpecially as its colour 


. 


a red 


F I G. 


A third ſpecies of the horned Beetle. 


a One of its eyes. 

c Its noſe-horn. 

d d The breaſt-bone, and its projections. 

ee The ſheaths of the wings. All the paats 
are gray, owing to an infinite number of 
ſmall hairs, that grow on them, the noſe- 
horn, and projections of the breaſt-bone ex- 
cepted : But he ground of the horny bone, 
on which theſe hairs grow, is black, as 1s 
likewiſe the horny bone of the foot, whoſe 
hairs do not grow ſo cloſe, as thoſe covering 


the other parts. 


IV. 


5 One of its horns. 


' Þ © © WO. 


The breaſl-bone of a fourth ſpecies of Beetles. 


a Some ornaments of this part, which is com- 


poſed of a ſubſtance 'between horn and 
bone. 


5 A thick expanſion of the breaſt-bone. 

c Its two blunt ends. 

d Some hairs growing on the part that unites 
the head and thorax. Theſe hairs facilitate 

the motion of the head. 2 

e Some projections of the ſkull. 

The noſe-horn, with its teeth. 

g The horn, and one of the eyes. 


the eye, as the Beetle moves 


* 


the TABLES wxxxvil 
| FI G. VI. <1 


4 Its eye. 

b The noſe-horn, growing out of the ſkull, 
crooked and blunt. | 

c The firſt proceſſus of the breaſt-bone. 

d The ſecond. z 

e The third. All theſe are only the limbs be- 
longing to one fide, yp 

FA little prominent border, which is turned in, 
and entirely ſurrounds the breaſt-bone ; it is 
found in every ſpecies of horned Beetles, 
Lower down, and more forward than the 
faid border, are to be ſeen thoſe ornaments of 
a horny bone, which are covered with looſe 
hairs, 

34 A ſingle joint of the legs; the remaining 


parts may be conceived from the other 
figures. 


FIG. VII. 
Part of the heart of the Dutch horned Beetle, 


a a Some broader parts of it. 
6 Some narrower parts. 


FIG. VIII. and IX. 


The genital parts of the male horned Beetle, 


4 The part forming, as it were, the ſheath or 
2 of the penis; this part is a horny 

ne. 

b Two horny bones, or nails of the penis, by 
means of which the male, in copulation, 
fixes its penis into the vulva of the Female. 

c The thick nervous part of the penis. 

d The body or root of the penis. 

e e The vaſa diffetentia, bigger in the middle 

than at the extremities, 

F One of the teſticles quite unfolded, or laid 
open, in order to ſhew thoroughly the teſti- 
culary veſſels. | 


g The extremity of the ſaid teſticulary veſſel. 
This veſſel is cloſed. 

h The other teſticle, almoſt in its natural ſitua- 

- t10n. 

i The blind extremity of the teſticulary veſſel 
laid bare. 

k k Seminal bags. 


I Two ſlender curled tubes, in which the 


ſaid bags terminate; and which terminate 
themſelves at each fide into ſix other tubes. 
"mm Twelve moſt beautiful glands, fix at a 
ſide, which are united with the ſaid twelve 
tubes, and ſend their ſeed to the penis by the 


ſeminal bags. 


n The upper part of theſe glands, which is 
flattiſh. | : | 
o The lower part, which is globular. 
þ The lower fide of the Grd globular part, 
ſomewhat magnified, ſo as to ſhew in what 
hat manner it is united with the tube of 


Xxxyui A Short Explanation of the TABLES. 


the ſeed-bag. This part contains a limpid 
ſeminal matter. 


9 A ſubGatice-furrounding the ſeminal matter, 
| which reſembles the white of an egg. 


P40: 1X 
The ovary of a Female, and its parts. 


2 The head of the female, ſeparated from the 

6 The — and ſtomach. 

c The inteſtines. | 

The exitus, or extremity of the inteſtines. 

e e The ovary, conſiſting of twelve oviducts, 
fix at a ſide, and till containing eggs of dif- 
ferent ſizes, or in which there moreover 
appear eggs of different ſizes. 

F The yulva. eel 

g A bag, ſhaped like a pear, opening into the 
vagina of the uterus. 

5 A blind veſſel, which in the inſect appeared 
like a tranſparent lymphatic veſſel. 

i Another particle, communicating with that 
laſt mentioned, and containing a hard white 
ſubſtance. 

k k k k Pulmonary tubes, and veficles, diſtri- 
buted in great numbers amongſt the fore- 
going parts. 

A confiderable branch of theſe tubes and ve- 
ficles, running at one end of the common 


ovary duct. f 
m Some other ſmaller branches belonging to 
the ſtomach and inteſtines. 


rA B. XXX. 
The Hiſtory of the Arboreſcent Flea, 
F1G. LI 
- The arboreſcent Flea. 


4 The aquatic aboreſcent Flea, a little bigger 
than nature. . 


F343. 
A fide view of the ſaid Inſect, taken with a 
microſcope. 


e The tail. or extremity of he body, in which 
there appears an inteſtine through the tranſ- 


| parent ſurrounding parts; the arevto be 


ſeen in the ſame manner on the fore part of 
the body, near the opening in the {kin juſt 
now mentioned, yg © 


F The extreme point of the chomboibal ſhell, 


that covers the body. - N 
bh Tranſparent eggs, which lie on the fore part 
of the inſet, upon its pellucid body, with 

which they move backwards and forwards. 


1 


A more front view of the arboreſcent Flea, with 
the opening in its ſkin. 


a An eye. 66 The branching arms. 

c The ſnout. 

The lit, or opening in the ſkin, repreſented 
in its natural condition, but ſomewhat on 
the fore part, in order to exhibit the legs 
now projecting beyond it. 

e f The tail, and its hairs, a little more thruſt 
out from under the ſaid opening. 

The ſharp point, or extremity of the inſect's 
ſcaly ſkin. | 


6 That part of the body, in which the eggs lie. 


A ſhort Hiſtory of the Gnat, 


FIG. IV. 


The Worm, which turns to a Gnat, of its natura 
fize, viewed in different fituations, © 


EF: 1-S. . 


The fame Worm viewed with the microſcope, ſo 
as as to ſhew its thorax and belly, and in what 
manner it can ſuſpend itſelf on the ſurface of 
= water, by means of the appendages of its 
tail. | 


a a The eye. 6 6 The antennæ, or horns. 


c The mouth, with its hairy parts, and arti- 
culated briſtles. 


d d The thorax, with its hairs and diviſions. 
On diſſecting this Worm, feet are found laid 
5 under the ſaid regular diviſions. 

e e Eight diviſions of the belly, with its briſtly 


hairs. 


F The tail. 


a One of the eyes, ſituated at one fide of the g An appendix to the tail, through which ap- 


ſnout. 

b b Its branching arms, iſſuing from a ſingle 
trunk. Each of theſe branches terminates 
in two branches, which. are again divided 
into joints and lateral hairs. 

c The inſeR's ſharp ſnout, with which it ſucks 
Its prey. 

4 Its ſcaly ſkin, with an opening in it, through 

- which it can thruſt out its body and tail. 


pendix there appear two pulmonary tubes, 
through which the inſect breathes. 

5 Black ſpots, hairs, and little hollows on the 
extremity of the ſaid appendage. It is by 
means of theſe the Worm ſuſpends itſelf on 
the ſurface of the water 

Bubbles of air, diſcharged by the Worm 
from the appendage of its tail. | 

| | EE The 
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21 The two main trunks of the ulmonary 


tubes, ſhewing themſelves through the belly. 


Theſe trunks have their mouths in the ap- 
pendage of the Worm's tal. | 

The anus diſcharging ſome excrements. 

m Excrements diſſolving in the water. 

n A little tranſparent” inteſtine, ſhewing in 
what manner the excrements are extruded: 


© FFe." Vo. 


The great Worm changed to a Nymph, of its na- 
tural fize, in two different ſituations. 


FIC. VIL and VIIL 


Two repreſentations of the ſaid Nymph ſomewhat 
magnified, One of thefe repreſentations conſiſts 
of nothing. but outlines, the. better to exhibit the 
farts of the inſet, which it is intended to 
repreſent. 


2 One of the eyes on the fide of the head. The 
head itfelf at this time lies higher up. 
þ One of the two antennæ. divided into black 
Joints. | 
c A ſting, or prickle, with its ſharp point 
lying between the wings 
dd d d The legs; the hinder ones coiled up in 
a very ſurpriſing manner, and ing for the 
moſt part under the wings, through which 
however, thoſe belonging to one fide ſhew 
themſelves in this figure. 
e One of the wings. 
Eight rings of the body. 
g A beautiful edging belonging to the belly. 
þ The tail, now hanging down, with its row- 
ing fins. | 
i; i The antennæ of the Worm, altered by caſt- 
ing a ſkin. It is by means of theſe antennæ, 
that the Nymph now hangs by its head on 
the ſurface of the water, and in this ſituation 
breathes, and is enabled to perform its mu- 
tation with the greater facility. 


T AB. XXXII. 
10 


The male Guat, of its natural ſize. 
FIG. II. 
The male Gnat viewed by the microſcepe. 


a a The eyes, reſembling a net. | 

þ b- The antennæ, much more beautiful than 

* thoſe of the female. 

cc One pair of the antennæ, or articulated 
briſtles. each of which conſiſts of three 
joints. | 

d The external ſheaths of the ſting. 

e The ſting itſelf, or one of the five ſtings 
rojecting beyond the ſheath. 

FAff The Gnat's fix legs, confiſting each of 


ſeven joints. | 


A Short Explanation © 


of ithe TAB L ES. xxxit 


883g Sharp, ſcaly, feathers growing on the 
two wings. a 1 

59 Two little hammers, againſt which the Gnat 
. 1 its wings, and 1 makes a buzzing 
noite = 

7 7 The thorax, covered with ſtiff hairs. 

# The belly, conſiſting of eight rings, as in 
the Worm. | 3 


. 
The ſtings of the Gnat, and their internal ſheath, 


or horny channel, 

a The external ſheath of the ſting, cut off 
near the head, and ſeparated from the ſtings, 
and their channel. | 

b. The internal tubulated ſheath, or channel, 
cantaining five ſtings. The blood flows in 
this channel along or amongſt the ſtings. 
There are beſides in here two drops of a 
tranſparent liquor or humour, which per- 
haps is the poiſon ſaliva that produces the 
the tumour, in the wounded ſkin. 

c The very ſlender ſtings, extracted from the 
ſaid channel. | 

dd d Three thicker ſtings, pulled likewiſe out 
of the ſaid channel. 

e The neck of the Gnat ſeparated from its 
body. f 

F The head. 5 

gꝗ The eyes of a reticulated form. 

5% The horns cut off. 

11 A pair of articulated briſtles cut off likewiſe. 


FU. 
The head, and fling of the female Gnat. 


a a The antennæ, or horns, which differ con- 
ſiderably from thoſe of the male. 

b The ſhorter articulated briſtles. 

c The external ſheath of the ſting. 


#10. V. 
The female Gnat of its natural ſixe. 
T A B. XXXIL 
Which exhibits the nocturnal Butterfly or Moth. 


No. I. The Worm or Caterpillar of the noc- 
turnal Butterfly, fticking in its firſt coat or 
ſkin, and of its natural ſize, 


II. The hardened ſhell of the e 5 divided in- 


to two parts, as quitted by the Worm. - 


III. The Caterpillar itſelf, having attained its 


full fize, remarkable on account of its won- 
derful form. 

a Four little bundles of hair, behind the head, 
like ſo many cloaths bruſhes, clipt even at the 
tops; they are of a white colour, inclining 
to yellow, and ſet along the back. 

55 Two other bundles of black hairs of un- 
equal lengths, placed about the fore part of 
the head, and which appear like: horns. 

cc Two 
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cc Two other feathers, like bundles of hairs, 

laced on each ſide of the breaſt like oars. 

d 4 Two more, like the firſt, but not ſo beau- 
tiful ; of a yellowiſh white. | 

ee Shorter feathers like hairs,: 1 all over 


the ſkin, and interſperſed wi 


ONES, 


other longer 


F The feather-like ornamented tail. 


IV. The ſame Caterpillar wound up in its web, 
ſhortly to undergo its change. 

a a a The web, in which the Caterpillar has 

- ſettled itſelf. 

b The third and fourth ring ſwelled by the in- 

- creaſe of the limbs within the Butterfly. 

V. The fame Caterpillar changed into a Chry- 
falis, or Aurelia, which in a little time is to 
become a male Butterfly, the limbs of the 
Butterfly that is by and by to be produced, 
are now viſible, cho obſcurely. 

VI. The male Butterfly produced from the 
former Chryſalis, in which may be ſeen 

a a Its elegant horns. 6 Its ſmall body. 

c c Its large wings, which are wanting in the 
female. 


F £03: 3. 


The NK of the nocturnal Butterfly, ſbeum in 
No. I. in its natural ſize, is here repreſented 


as magnified. 
FIG. Ul 


The egg, broken open by the inſet that fluck in 
it, repreſented as magnified ; which was ſhewn 
of its natural fize, No. II. 


FIG. III. 


The web quitted by the Catepillar, with the per- 
oration it makes when about to be changed into 

a Butterfly ; ſhewing how the eggs are glued 
in it, which are laid by the female Butterfly, 
which in like manner are afterwards to pro- 


duce Caterpillars, | 


. 


The Chryſalis of No. V. repreſented, exhibiting 
all the external parts of the future male Butter- 


hoy : namely, 


a The two eyes in the head, under which 
ſtretched againſt the thorax is diſcerned the 
proboſcis or trunk; 

5 The antennæ, or horns, removed from their 
natural ſituation. 

cc The fix legs, alſo removed out of their 
proper place, that they may be the more 


eaſily viewed. 


4 d Two pair of wings. 
e The wings of the 8 


. 
The Chryſalis of the female Butterfly, exhibits 
again all its limbs and parts, — od 15 
their natural ſituation. | 
F 1 G. VI. "pb 
repreſented No. 


The female nofturnal roy 
IV. but far more imperfet# in its limbs and 
parts than the male. | 


2 a Its two leſs elegant horns. 

The thick and diſtended body. 

c The four ſhort wings, or which may be 
rather called imperfect rudiments of wings. 


FIG. VII. 


The female, wwith her belly diſtended with eggs. 


a The ſkin upon the back cut open and turned 
backwards, to ſhew the great number of 
eggs with which the belly is filled, 


T AB. XXXIV. 
The Hiſtory of Day- Butterflies. 
FIG, I. 


The Caterpillar from which the common Dutch 
| day Butterfly is produced. 


a Its external form, which is as it were ſet 
thick with prickles. 

b Three of the foremoſt of its ſix legs. 

c Four of the middlemoſt hinder legs. 

d The two hinder legs. 


FIG. I 


The Caterpillar magnified, exhibiting its thirteen 
annular divifions. | 


1. The firſt annular diviſion or ring, conſti- 
tuting the head, in which 

aa On each fide are ſix eyes. 

55 The antennæ or horns. 

cc The teeth, placed under and near the lip. 

d The little prominent particles, the middle 
moſt of which is formed like a papilla or 
nipple. 

2. Another annular diviſion, with its briſtly 
hairs, which is called the firſt point of reſpi- 
ration, or breathing hole. 

e Another of the firſt pair of legs, with its 
joints, having a crooked claw at the extre- 
mity. 

3 4 The third and fourth ring, which have no 
breathing holes. The third ring, with the 
two larger ones alſo is beſet with ſmall 
prickles, of which only thoſe in the fourth 
are repreſented. : 

F Another of the ſecond pair of legs joined 
under the third ring. 

g Another 


g Another of the third pair of legs, joined 

under the fourth ring. 

5. The fifth rigg,, on the other fide of which 

there appear three prickly hairs. * 

h A prickly hair placed in the middle of the 
Caterpillar's body, like that which is placed 
on each of the twelve rings. W 

The firſt and largeſt 2 55 hair, placed on 
the other ſide of the body; under and near 
which is ſeen a ſecond, and under it another 
breathing hole. | 

A A third prickly hair under the belly. 

6 The fixth ring, formed like the fifth, con- 
taining the third breathing hole. EY 

78 9 10 Theſe; rings are conſtructed in the 
ſame manner with the two former, in which 

appear the fourth, fifth, fixth, and ſeventh 

breathing holes. | 

1111 Four of the middlemoſt legs, together 

with their fleſhy articulations and crooked 
claws ; joined in the bending part of the 
body, each with its ring. 


11 The eleventh ring, formed like the former,- 


in which is placed another of the eighth pair 
of breathing holes. og? nt 

12 The twelfth ring, differing from the reſt 
in the number of its prickly hairs. The reſt 
of the nine breathing holes above it, are 
ſeen placed in this ſide of the body. 

13 The thirteenth ring, adorned at leaſt with 
two prickly hairs. 

mm The tail and the laſt pair of legs, placed 

in the extremity of it. 


Fr 0, ML. 


The kidney-like little parts. 


a a The diviſions which appear on the ſurface 
of theſe kidney-like parts. 


2116. . 


The flomach, and its parts. 


a The gullet, which runs naturally through a 


{lit in the ſpinal marrow. 

b b b b Some pulmonary tubes diſperſed over 
the ſtomach. 

cc A tendinous ligament of the ſtomach. 

d d d Muſcular tranſparent fibres of the ſto- 
mach. 

ee The vaſa varicoſa, or ſwollen veſſels, which 
are the cloſed inteſtines, conſtituting, as it 
were, twelve little inteſtines. 


FF The place, in which theſe inteſtines, below 


next the ſtomach. 

g The manner in which the ſame is bent into 
fix little tubes, and turned back towards the 
ſtraight gut, againſt which they are folded 
and curled. © 


h % Their windings and foldings, 


A Short Explanation of the T A B L E S. 


the pylorus, are produced from the inteſtine 


3 


li 
i One of the thick inteſtines, in which the 


excrements receive their form; ſo that it is 
not unlike the colon. 5 | 
E The ſtraight gut. 


FI G. V. 


Tuo veſſels bitberto unknown, which lie in folds 
near the flomach FA. \ 


a a Two tubes, which might very well paſs 
/// / DT a 
bb The origin of theſe tubes, aſcending to- 
wards the brain; they are very narrow in 
this place. 7 | 

c 8wellings in theſe tubes. 

d Their ſharp extremities, inſerted lower down 
near the blind guts. | 


EF 1-0, M. 
The beart. 
a a The hollow channel of the heart. 


5 bb, Sc. Muſcles ſituated on each ſide of 
the heart, which they ſerve to dilate. 


FIG. VII. 
The brain and ſpinal marrow, 


a The brain. 46 Origin of the ſpinal marrow, 

c The firſt nodule of the ſpinal marrow. 

d d Two pair of nerves, arifing immediately 
from the ſpinal marrow, which produces 
three pair more in the ſame manner, 

e The ſecond nodule of the ſpinal marrow. 


F The fourth and greateſt cleft or ſlit of the 


ſpinal marrow, below the third nodule. 

g The fourth and fifth nodules, with the 
ſingle nerves ſpringing from them. 

:k I mn The ſixth, ſeventh, eighth, ninth, and 
tenth nodules of the ſpinal marrow, with the 
four nerves iſſuing from each nodule. | 

e The eleventh and laſt nodule of the ſpinal 
marrow, with the nerves that it produces, 


T A B. XXXV. 


F 1 G. I. 


The web formed by the Caterpillar, when about 
to enter the Nymph flate. 


a The Caterpillar's web, in which it fixes the 
nails of its hinder feet, and fo remains ſuſ- 
pended head downwards. 

b The third and fourth rings of the thorax, 
conſiderably diſtended by the blood and air, 
that dilate the latent wings and legs. 

c Eight intermediate legs, which loſe their 
ſkins by degrees, and are at length ſlipt off 
towards the tail. 8 a | 

4 The firſt order of legs, which are likewiſe 
about to ſhed their ſkins, and roll off one 


over another. 


L FIG. II, 
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Thu limbs of the future Butterfly, that grow out 
of fight under the preſent imſfett's ſein. 

a à Its two antennæ or horns. 

b b The two ſhanks of the proboſcis, 

cc Parts like forks. 

dd The eyes. 

e e The upper and lower pair of wings, be- 
tween which are to be ſeen the legs growing 
from the thorax. 


I The rings of the body. g The tail, 
. 


The natural diſpoſition of ſome of the latent limbs 


repreſented by the laſt figure, as appears through 
the microſcope. | 


@ @ The place where the horns or antennæ are 
jointed with the head, and from thence are 
regularly turned back, and folded in a ſer- 

tine manner, 

55 The two ſhanks of the proboſcis, diſplaced 
a little from their natural ſituation. 

cc The forky particles in their natural ſituation. 

dd The eyes in their natural ſituation. 

e A portion of the ſkin, that lay over the mid- 
dle of che ſkull, which is in this place re- 
moved. 

F f The root of the proboſcis. 

g The forks, between which the inſect, 
when become a Butterfly, curls up its pro- 
boſcis. | 


FIG. IV. 
The Caterpillar beginning to ſhed its ſtern. 


@ a The eight intermediate legs rolled off to- 
wards the tail, and ſhedding their ſkins. 

þ The ſix fore feet, ſeparating from each other, 
and ſlipping forwards. 

c The ſkull divided into three parts, the 
middlemoſt of which is here repreſented. 

d Another portion of the divided ſkull. 

e The third portion. 

FF The forky particles, which are the parts of 

the future Butterfly, that appear firſt. 


. 


The Caterpillar in greater forwardneſs towards 
the Cbryſalis ftate. 


a a The eight intermediate legs now driven 
higher towards the tail. 

Four of the fore pair of legs rolled off as far 
as the middle of the body. 

c d The forky particles entirely diveſted of their 
ſkin; and the divided ſkull; and the firſt 
pair of the ſix fore legs rolled off higher 
upon the body. 


* . VE! 


The Caterpillar after it has quite thrown off its 
in; ſo as ro acquire the name of Chryſalts. 


a The wings, horns, proboſcis, and legs, all 
of them extended, and of another form. 

5 The rings of the abdomen ſtripped of its 
ſkin: Theſe are now more compreſſed to- 

Wards each other than heretofore. It here 
appears in what manner the Chryſalis, 
means of the nails in its tail, continues ſuſ- 
pended by its web. | | 


FI G. VII. 


All the parts or limbs juft now mentioned, as they 
appear through the microſcope. 


a 4 The forky particles, which are no longer 
to be ſeen in the Butterfly, The third figure 
exhibits them under the letters c c, in their 
natural ſituation, IF 

b The middle portion of the head, which 
heretofore lay under the ſkull, and is repre- 
ſented in the laſt mentioned third figure, 
under the letter e. 

cc The root of the proboſcis repreſented in the 
ſame place under the letters . | 

4d The proboſcis itſelf denoted by the let- 
ters 5 b. | 1 

e The extremity of the proboſcis ſo much ex- 
tended, as to reach the rings of the abdo- 
men, and placed between the antennæ. 

F The firſt pair of legs. 

g g The ſecond pair. 

5% The antennz or horns, whoſe origins or 
rudiments are exhibited by the third figure 
under the letters à à. | 

7 ; Their extreme ends, which are very thick. 

& & The eyes, under which the horns lie bent. 
Theſe eyes are repreſented by the letters d d 

of the third figure. | 

17111 The wings placed in each fide of the 
body. | 

mm The nervous diviſions of the wings. Theſe 
diviſions are in reality no more than pulmo- 
nary tubes. 

nn The rings of the abdomen cloſed and 
folded one over another. 

0 Some prickly hairs like papillæ, diveſted 
likewiſe of their ſkins and ſeated on the in- 
ſect's back, from which they project a little. 
More forwards may likewiſe be ſeen four 


breathing holes. 
5 The tail freed from its ſkin, as likewiſe the 
anus. 


9 The nails of the tail, and the manner in 
the inſet uſes them to faſten itſelf to the 


web. 
F IG. VIII. 
The Chryſalis hing on its back. 
FIG. IX. 
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F 16. K. 


Yhe thlour of the upper and largeſt pair of the 
Future Butterfly's wings, as they very Plain 
. the tranſparent ſtin of t 

4 r 
The caft ein of the Chryſatis, dividing into 

Jour ſegments. | 

The fiſt part of the divided ſkin. This 
part contained the Butterfly's two fore-pair 
of legs, and its proboſcis. 

33 The ſkin of the back, and abdomen, 
divided into two parts, that ſerved to encloſe 
the thorax, head, and four wings. 

c The ſkin tore off near the origin of the ab- 


domen, whoſe rings it heretofore contained. 
d Some of the internal membranaceous caſes, 


or integuments of the horns, legs, and pro- 


boſcis. Theſe membranes are always bro- 
ken on the Chryſalis's firſt appearing in the 
Butterfly form. | 

e + Some pulmonary tubes, diveſted of their 
integuments, and appearing in the ſkin itſelf. 


F G. XI. 
We Butterfly, lately flript of its ſins. 


2 Part of the body, which the wings do not 

| ks yet cover. | 

35 The ſmall ſpots and colour of the wings. 

reer Four legs of the inſect. 

d d The antenne, or horns, growing over the 
the eyes, which are ſufrounded with hair. 
Between the horns are two ſhaggy forks, 
which hide the proboſcis. 

e The two ſhanks of the proboſcis, hid between 
the ſaid forks. 


FIG. XII. 


A Bu , which in litik more than à quarter 
of an hour after its firfl appearing as fuch, has 
acquired its full growth and perfection, ſo as 
already to know what it ought to ſeet after, 
and what avoid; what may be uſeftdl to it, and 
what prejudicial. In this reſpect then, the 
Butterfly infinitely ſurpaſſes all other creatures, 
even man himſelf; and with a moft audible 
voice, as it were, publiſhes to all mankind, the 
praiſes of their common Creator. 


11 XXXVI. 


FIG. t. 
The flomath, and contiguous parts, with the vaſa 


incognita, or unknown veſſels, heretofore de- 
ſcribed ; all which parts are nom altered in a 
moſt ſurprifing manner. 


a 4 Folds and 8 of the vaſa incognita, 
exhibited already, Tab. XXXIV. Fig. V. 


5 Their origin, conſiſting of a flender tube. 

c © Their diviſions and dilatations. 

4 The ehd of them, near the origin of the 
ſtomach. A 


ee The two curled-up or coiled ſhanks of the 

pftoboſcis. 

F The origin of the gullet, near the root of the 

proboſcis. 7 | | 

J The channel of the pulmonary veſicle or 
bladder, arifing from the gullet. 

The pulmonary bladder, or veſicle itſelf, 

ii The ſtomach, conſiſting of many beauti- 
ful curled prominences. | 

*The hinder part of the ſtomach, like a 


wrinkled inteſtine, 


I 1111 Six vaſa varicoſa, or ſwollen guts, ſpring- 


ing by two origins from the little inteſtine 
below the pylorus. 

m m The ſtraight guts, with their twiſts, 'and 
globular contents appearing through them. 

n The inteſtine conſiderably dilated, ſo as to 
form the cloaca. 

o Another dilatatioa of the inteſtine. 

5 The ſtraight gut. 9 The anus. | 

r The two muſcles of the anus, furniſhed 
each with a tendon of a ſubſtance between 
bene and horn. 


F1 G6. IE 
The genitals of the Male. 
a The peais, conſiſting partly of a horny bone, 


and partly of a nervous texture, 

b Two horny bones, ſituated one at each 
ſide of the penis. 

c The articulation of theſe bones, with a bor- 
der of the ſame ſubſtance, that goes round 
the penis in the form of a belt. 

d d Another horny bone, belonging to the 
penis, divided in the middle. 

e A back view of the diviſion of the ſaid part. 

F The nervous root of the penis, 

gz The body or root of the penis, beautifully 
curled or coiled. 

h A granulated matter, like filver ſand, that 
flowed from a puncture made in the penis. 

i The opening of the root of the penis. 

k The diviſion of the nervous part of the penis. 

1111 Two beautifully curled ſeminal veſſels, 
iſſuing from the diviſion of the penis. 

mm Two other ſtraighter veſſels, ſpringing 
from the ſame diviſion. 

# A globular dilatation of the ſaid veſſels. 


F I G. III. 
The ovary, and its parts. 


24aaa The oviduct, divided at each ſide 
into three ducts, which afterwards terminate 
in very ſharp points. 

5 The common ducts of thoſe already men- 
tioned, ending in a ſingle trunk. 


ccccc Five veſſels, containing a glutinous 
| ſubſtance, 


— 


xliy 
ſubſtance, with which the Butterfly faſtens 
its eggs. | h | 

d The ovary, contracted into a narrower tube. 

e An oblong bag, in the ſame place. 

F Part of the ſaid bag, full of a yellowiſh 

matter. e 
The lower part of it, full of a limpid humour. 

7 A little tranſparent part, like a ſheath or 
caſe, that contained a little horny bone. 

1 The aperture of the ſaid little horny bone. 


FIG. IV. 
De fat. 


a a Some pulmonary fiſtules, ſerving to bind 
up the fat. 

b b b The figure of the fat itſelf, very different 
from what it had in the Worm. 


T AB. XXXVII. 
The Butterfly encloſed in the Caterpillar. 


No. I. The Butterfly, under the Caterpillar 


form, covered with its firſt ſæin, in which it 

is called an egg, and lies in the ſame manner 

that the Butterfly lies within the ſkin of the 

Chryſalis. 

II. The ſaid firſt ſkin, or membrane, after it 
has been caſt off. 

III. The Butterfly-Caterpillar, or the Butterfly 
in the form of a Caterpillar. 

IV. The ſaid Caterpillar drawing near its 
change, and containing, within its ſkin, 
the Butterfly, expreſſed by the I. II. III. and 
IV. Figures. 

a Its protuberant limbs and wings, which are 
not diſcernible about the jecond annular 
ſection of the body. 5 

þ The ſame limbs, ſprouting out under the 
third ring. 

c The hinder part of the body, growing 
ſmaller by degrees. 

dd The beam to which this Caterpillar had 
faſtened its ſlight web. 

That part of the web, in which it had fixed 
the nails of its hinder feet. 

„A ligament compoſed of threads, with 
which the Caterpillar had girt itſelf about 
the middle of its body. 

V. The Butterfly-Caterpillar, after it had ſhed 

its ſkin, in the Chryſalis form. This num- 
ber ſhews all the limbs of the Butterfly al- 
ready exhibited by the fourth, but more ob- 
ſcurely, and diſpoſed in a different manner. 

VI. The Butterfly itſelf, or Caterpillar-Butter- 
fly, with its wings extended, and arrived at 
its full growth. 


F186. 1. 


The egg of a Caterpillar, which is a Butterfly, 
repreſented bigger than nature, 


| All the ſaid parts o 


* 
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F 1 G. II. III. and IV. 


The Butterfly, extracted from under the. ſin. of 
the Caterpillar, exbibited by No. VW. 


a 4 Its antennæ, or horns. 6 Its proboſcis. 
cc Its four wings, placed between its fix legs. 
d d Annular ſections of its belly. 


F. 


the Butterfly, as concealed 
in the Chryſals. 


aaaa The antennze. 6 The broboſcis. 

c c Four legs lying on the upper wings. 

d d The upper wings, and part of the Tower 
wings. 

e The head and eyes. FIC 

F The belly and tail, with their ſections. 

. VI. 

The parts, juſt now. exhibited, diveſled of all 
their coats, repreſented more diftinitly, and in 
their natural ſituation, ſo as to give an qppor- 


tunity of even diſtinguiſhing the Butterfly's 


colours. 


TY 


F I G. VII. 


Exhibiting a black ſpot, appearing through the 
external ſkin of” the Chr als 3 one = tbe 
Butterfly's tranſparent wings. I. be cer- 
tainly known, by the appearance of this ſpot, 
whether the Chryſalis is ſhortly to caſts its ſkin, 


r 


The caſt ſein of the Bulterfly-Chryſalis, which 
almoſt always divides regularly into four parts. 


10, IE 


Shewing the manner in which the Butterfly, with 


its wings as yet very ſhort and little, creeps out 
of its laſt in, under which it was called 
a Cbryſalis, 


FIG. X. 


The manner in which the wings of the Butterfly, 
exhibited by the IXth Figure, expand by ” 
grees, and acquire their full growth. 

| . 


All the limbs of this Butterfly, with its wings, 
in a growing flate. 


aa The two antennæ, or horns. 

6 The curled proboſcis. c The upper wings. 
d d The lower wings. ee The fix feet. 

F The belly, its hairs, rings, and little feathers. 


T AB. XXXVIII. 


The mutations of the common Bog-houſe Fly. 


No. I. The egg of the boghouſe Fly, of its na- 
| natural 
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- tural ſize. The figure underneath repre- 
ſents it bigger than nature. | 
II. The double coat or ſkin of the ſaid egg, 


left by the Bog-houſe Worm, which at laſt 
changes to the Bog-houſe Fly. 

III. The ſaid Worm newly hatched, a little 

digger than nature. 

IV. The ſaid Worm full-grown. 

V. The ſaid Worm grown immovable, by 
degrees, under its ſkin, and changed to 
what I call a Vermiform-Nymph. 

VI. The Bog-houſe Fly itſelf, proceeding 
from the Bog-houſe Worm, after the latter 
has changed into a Vermiform-Nymph, and 
and caſt off two ſkins. 


10. I. 


The egg of the Bog-houſe Fly, as it appears 
through the microſcope. It 1s oblong, 
angles, beautifully coloured, and teſſellated like 
the Dutch cakes, called Woffels. 


18. Mt. 


The double coat of the egg. broken by the Wor mit 
contains. The external coat is of a ſub/lance 
like plaiſler; the internal coat, which 1s 
thinner, reſembles a membrane. 


„ 
The Bog-houſe Worm, as it appears through the 


microſcope, divided into annular ſections, and 
its body beautifully ſurrounded, as it were, 
with little tufts of feathers. 


FI G. IV. 


The ſame Worm changed into a Nymph, of a ſize 
bigger than nature, in order lo ſhew that the 
little difference, as to external form, between 
this Nymph and the preceding Worm, ( Fig. 


TIT.) conſiſis of no more than this, that in the | 


Nymph flate the inſectis ſnout is drawn in 
within the head, and all the annular inciſions 
of the body are become ſhorter than they were 
in the Worm ſtate. Add that the inſect, in 
the Nymph late, is deſlitute of motion, where- 
as in the Worm ſtate, it was very active and 
lively. 


0. 


The true or real Nymph, concealed 9within the 
Vermiform-Nymph, (No. JV. and Fig. IV.) 
and thence extracted through inciſions made in 
the ſein. This figure is a little bigger than 


nature. 


F I G. VI. and VII. 


The ſame Nymph ( Fig. V.) viewed with a 
very great magnifier, the better to diſtinguiſh one 
from another ; it's limbs, which are chiefly 


full of 


xlv_ 


exhibited by the ſeventh Figure, and denoted by 
letters, as follows. 


a 4 Are the reticulated eyes, between which, 
at the ſame time, may be ſeen the probo- 
ſcis, placed towards the thorax. 

b The two antennæ, or horns. 

c c The fix legs, folded up on each fide, 
againſt the thorax. 

d d The folded wings. 

e The abdominal rings, with the tubercles 
growing on the edge of the abdomen. 


. 
The Bog-houſe Fly, (No. VI.) bigger than nature, 


with its external parts. 


a a Two reticulated eyes, of a purpliſh colour, 
and parted by two ſilver belts or borders. 
5 Two antennæ on the forehead. 


cc A pair of wings of a membranaceous ſub- 


ſtance. 

d d dd Six hairy legs, the extremities of every 
one armed with nails. 

e The abdomen, its rings, colour, and hairs, 


F 1-0.-1X. 


A Another kind of Bog-houſe Worm, be- 
longing to the ſecond mode of the third or- 
der or claſs. This worm is very remarkable 
on account of its legs and horns. 

B The Vermiform Nymph of the Worm, 
from which it differs externally more than 
the Nymph heretofore exhibited, No. V. 
and Fig. IV. 

C The Fly produced by the Nymph, elegant- 


ly covered, by ſome prepoſterouſly ranked 
amongſt Bees. 


. 


D A white Worm, that grew within the Ca- 
terpillar of Tab. XXXVII. No. III. and 
aftewards, when near its time of mutation, 
opened itſelf a paſſage through the Chryſa- 
lis of the ſaid Caterpillar, repreſented by 
No. V. of the ſame Table. 

E The ſame white Worm changed after its 
iſſuing from the ſaid Chryſalis, into a Ver- 
miform-Nymph, that being opened is found 

to contain a real Nymph. 

F The Fly at length produced by the ſaid 


Vermiform Nymph, after it has caſt its 
ſkins. 


1 
The Hiſtory of the Aſilus, or Gadfly. 


1 


The Worm from which the Gadfly iſſues, hanging 
over the ſurface of the water, 


a Twelve annular diviſions of the Worm, by 
M whi 
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which it is divided, as it were, into head, 
thorax, and belly. | ; 

2 Hairs growing round the tail, in a circular 
form, by means of which this part floats on 
the ſurface of the water, while the reſt of 
the body remains under water, with its 
downwards, 

c The head, whoſe mouth is divided into 
three parts. The two lateral parts, which 
are, properly ſpeaking, the inſect's feet, 
vibrate, while it remains alive, like the 
tongues of ſerpents. 


1 


Another kind of theſe Worms, in its deſcent 
to the bottom. 


a The hairs of the tail, diſpoſed in an oval 
form, and containing a bubble of air within 
their cavity. 

5 Two bubbles of air, diſcharged by the 
Worm at its breathing-holes, tending to the 

. ſurface of the water. 


F 1 G. II. 
A micreſcopical view of the firſt Worm. 


1 2 3, &c. Twelve rings, by which it is di- 
vided into head, thorax, belly, and tail. 
This figure likewiſe ſhews in what manner 
the ſkin is beautifully covered with minute 
grains and ſpots. On one fide too there 
appear nine breathing-holes. 

a The tail, reſembling a ſtar, compoſed of 
beautiful hairs. 

5% Delicate hairs, which in this figure appear 
only about the ſides of the body, as I have 
omitted repreſenting them on its upper part, 
or on the inſect's back. 

c c. Two larger hairs, growing on each fide 
of the body. 

d The head. e e The eyes, 

F The crooked ſnout. 

The legs, ſituated near the ſnout. 


5% Two blackiſh horny bones, which are, as 


it were, the thumbs of the feet. 
z ; The horns, or artennæ. 


IG. 


The grains of the fein, viewed with a great 
magnifier, ſo as to ſhew their conſtruction. 


a The ſkin appearing between the grains. 

b The prominent part of the ſaid grains, ex- 
exactly in the middle. 

c The irregular rings of the ſaid grains. 

d Sharp prickles growing on the edges of the 
grains, to whoſe firmneſs they contribute. 


OF. WS 


A leg, magnified. 
a Three muſcles, furniſhed with a tendon, 


of a ſubſtanoe between bone and horn, and 
placed on one fide of the firſt joint of the leg. 

6 The ſaid joint, which is black, and likewis 
of a ſubſtance between bone and horn. 

c Two ſmaller muſcles, with their tendons. 

d Another joint, of a ſubſtance between bone 
and horn. 

e The extreme joint of the leg, with its briſt- 
ly hairs. | | 


F The thumb of the foot. 


110 VÞ 
The ſnout inverted, and bigger than nature. 


4 The ſnout, and all its parts. | 

The ſharp and crookedextremity of the ſnout. 

c The internal opening of the mouth, through 
which the inſect's food paſſes to the gullet. 

dd The membranaceous diviſions of the mouth, 
by which the palate can be bent, and made 
to give way. 

e Part of the mouth, entirely conſiſting of a 
black horny bone. 


F 1% IE 


The ſalioal veſſels, or at leaſt two parts analo- 
gous to ſuch veſſels. 


a Two falival veſſels curled, and ending in 
blind extremities. | 

b A ſingle channel, in which they terminate. 

cc Two particles, as it were, reſembling 
muſcles. 

d The upper part of the mouth, from which 
the eyes, and two parts of the head, ſup- 
porting the eyes, have been ſeperated. 


. 


16. 
The Worms pulmonary tubes. 


a a Two very conſiderable branches of the 
pulmonary tubes. 

4 Pulmonary tubes in that part where the op- 
tic nerves, and the membranes of the grow- 
ing eyes, are ſituated. 

ccc Some pulmonary tubes, which run into 
each other from each fide of the body. 

dd dd dd A mutual communication of the 
pulmonary tubes, at each fide of the body, 
under the ſkin. 

eeee The circumference of the ſkin, de- 
noted by dots. 

F The tail, in which the two main trunks of 
the pulmonary tubes are opened by two 


channels. 
FTTH 


Curls or folds of the pulmonary tubes. 


a 4 Two portions of the pulmonary tubes 
drawn aſunder, 


5 Their 
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3 Their curly foldings, which ent a ſilver 
wire wound up in a ſpiral form, and then 
extended. | g 

FI G. III. 


The fat. 


4 Irregular figures of the fat. 
b Its round particles. Its oblong particles. 
4 Its broad, jagged, or indented particles. 
e Its angular particles. 
Particles in form of a pear. 


g Pulmonary tubes diſtributed through the fat. 
F 1-0. N. 
The heart. 


4 4 The lower part of the heart, in ſome pla- 
ces a little dilated. 

b b Part of the heart, repreſented bigger in the 
abdomen and thorax. 

c Part of the heart, ſeated about the head, and 
again contracted. 


FI GU... 
The brain. 


a a The brain. | 

b A cleft or opening in the ſpinal marrow, to 
give a paſſage to the gullet, 

ce Part of the eyes of a future Nymph, and 
Fly growing by degrees. 

dd Eleven prominentnodulesof the ſpinal marrow 

e e Nerves ſpringing from the origin of the 
ſpinal marrow. 
Nerves iſſuing from the origen of the 
ſpinal marrow towards the ſides of the body. 

gg Nerves ſent from the eleven nodules of the 
ſpinal marrow to the viſcera, and other parts. 


T A B. XLI. 


F114. a. 
The Worm changed within its ſkin into a Nymph. 


aaa The external ſkin hardened, and con- 
tracted into three bendings. 

bc de The four laſt rings of the abdomen, 
which, on account of the contraction of the 
body, contain nothing but air. 

FA hollow or empty ſpace in the external ſkin, 
between the head of the Worm and the en- 

cloſed Nymph. This hollow appears more 
obſcurely than that under the four laſt rings 
of the abdomen. 

g The encloſed Nymph, known by a black 
ſpot appearing externally on the ſkin's ſurface, 


F 10: I 
The Hein opened, ſo as to give @ fight of the encigſed 
Nymph. 


a The Nymph ſtill wrapped up in its thin and 
delicate ſkin, 
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36 Its unfolded pulmonary tubes, of which 
there are four repreſented in this figure. 


c The ſkull caſt off, with the other of 
the horny head, and the ſnout, OT 


„„ 


Parts of the future Nymph, diſcerned in the 
Worm when ſtripped of its ſhin. 


a a The antennz, or horns. 

b The head and proboſcis. 

cc The firſt pair of legs. 4 A pair of wings. 

e e Another pair of legs. /, A third pair. 

$ The abdomen, and its rings. 5 The tail. 

11 Pulmonary tubes, which have in part ſhed 
their coats. 

& Inteſtines likewiſe, which have partly caſt 
their coats, 

/ The anus cut off, but ſtill hanging to the 
inteſtines. 


FIG. IV. 


The Nymph, or parts juſt now taken notice of in 
the Worm, diſpoſed in a beautiful manner, and 
much bigger than nature. 


a a The antennz, or horns, | 

b b The eyes, in which the hexagonal diviſi- 
ons do not as yet appear. 

c The proboſcis under the head, 

d d. The firſt pair of legs. 

e The ſecond pair. 

I, Two wings, elegantly folded. 

g Annular diviſions of the thorax. 

Y The third pair of legs. 

ii Some black ſpots on the inſect's body, 

& k k Four openings of the lungs. 


F I G. 
The fat of the Nymph. 


a Changes or alterations in the configurations 
of its parts. 

b Some ramifications of the aſpera arteria 
diſtributed through the fat. 


#0, VE 


The ſtomach and inteſtines of the Nymph, to which 
are added the head and tail of the Worm. 


a The origin of the gullet. 

bþ The horny bone of the head; the ſnout, 
and the legs drawn in towards the body, 

c The gullet running towards the ſtomach, 
through a lit or cleft in the ſpinal marrow, 
under the brain. Theſe particulars have 
been repreſented in this manner, to make 
them the more intelligible. 

d The ſtomach, with its wrinkled foldings, 
and pulmonary tubes. 

e Oblong furrows in the ſtomach. 

F An open tube, appearing through the tran- 
ſparent coats of the ſtomach, within which 
it is faſtened, 

g The 


+ 


xlviii A Short Explanation of the TABLE S. 


The ſmall gut, forming fix foldings. 
A little gut, within the former, where it 
likewiſe makes a variety of folds. 

ii The curled windings of the faid little in- 
teſtine. 

& The dilatation of the ſmall guts, and places 
where it produces four blind guts, that ſpring 
from a common trunk. 

] Places where the thick guts unite with the 
ſmall guts, 

m m Some globular dilatations in one of the 
blind guts, and the wonderful diviſions of 
its contents. | 

2 1 Surpriſing windings and folds of the blin 

uts. | | 

0 The place where two of the upper blind guts 
unite into one, 

p Windings of another, or the other upper 
blind gut. 

99 Windings of the third. 

The blind extremity of this laſt. 

ss Windings of the fourth blind gut. 

The blind annular extremity of this laſt, 

u Dilatations of the colon, in form of nodules. 

x The larger dilatation of the colon. 

The two ſmalleſt dilatations of the colon. 

2 The anus, below the ſtraight gut. 


F 1 G. VI. 
The ſpinal marrow in the Nymph and Fly. 


1 2 3, Cc. Eleven nodules of the ſpinal mar- 
row, now extended at full length, and drawn 
out one from another. 


2 The brain; and above it a rough draught 


of the tunicæ corneæ of the eyes, and their 
hexagonal diviſions. | 

The firſt nodule of the ſpinal marrow, re- 
taining its primitive ſituation. 

c The tour following nodules, which now form 
a confiderable knot or ſwelling, at the fame 
time that the ſixth, ſeventh, and eighth are 
are ſeparated one from another, and the ſpi- 
nal marrow between them is drawn out. 

4 The three laſt nodules, continuing in their 
former ſituation. 


T A B. XLII. 


. 


The external tin ſhed by the Gadfly, with the 
manner of its ſhedding it. 


1 2 3, &c. Theſe numbers, placed in oppoſite 
ranks, ſhew the twelve rings of the Fly, or 
Worm's ſkin. 

a The third and fourth rings: it is in this 

pulwace that motion is firſt perceived in the 
Worm's ſkis, when the Fly is about to break 
forth. And for this reaſon theſe rings burſt 
open in a longitudinal direction. . 

6 The third fore ring, or, counting from th 
tail, the tenth, which burſts open in a con- 
trary direction into two parts, one of which 


continues faſtened to the ſecond, and the 
other to the fourth ring. 

c The fourth ring opens almoſt in the ſame 
manner, only that it cleaves more in the 
middle. 


i 


A general view of the external limbs and parts 
of the Gadfly. 


a Its two antennæ, or horns. 
bb bb The fix feet, and their joints. 
c c The wings. 4 The abdomen. 


F I G. III. 


A diſſeftion of the Gadfly. The external ſkin and 
internal coat ſbed by the Gadfly. 


I 2 3, &c. Rings of the external ſkin. 

a a Pulmonary tubes, rolled off, in the ſe- 
cond, third, and fourth rings. 

b b The curled extremities of the tubes. 

c An inteſtine, ſhed likewiſe by this inſect, 
containing ſome. tranſparent particles like 
ſand, which ferment with acids. 

d The caſt legs, ſnout, and eycs. 

e The caſt ſkull. 


F Coats or ſkins, ſhed by the gullet and the 


ſtomach. 
The caſt internal coat, which immediately 

encloſed all the limbs of the Nymph. 

þ The place where the coat contained the Fly's 
tail, 

7 i Pulmonary tubes caſt off within the deli- 

cate little ſkin. 

+ The largeſt of theſe tubes, with its ramifi- 

cations, 


FI G. IV; 


A rough draft of the manner in which the In- 
teſtine ſheds its ſkin. 


2 The internal coat of the inteſtine 5. This 
inteſtine comes away full of grains of ſand. 

6 The inteſtine itſelf, remaining in the body. 

c The anus, with the internal coat of the in- 
teſtine , ſhed by the inſet, ſtill faſtened 


to it. 
. 
The proboſeis magnified. 


a The two fore parts of the proboſcis, of an 
oval form. 

6 Hairs growing from the ſkin of the proboſcis. 

c Two articulated briſtles, or appendages of 
the proboſcis, ſpringing from within its root. 

d A triangular horny bone, ſurrounding the 
root of the proboſcis. 

e Another little bone like the laſt in ſubſtance, 
but of a different form, 


F IG. 


m_—T Te B. K 2 
Some of the pulmonary veſicles. 


a Its membranaceous part, which was full of 


air, | 

b The pulmonary tube, through which the 
air paſſes to the veſicle. 

c Two lateral pulmonary tubes. 


F I G. VII. 
The genital parts of the male. 


4 The penis and its two appendages. 

bþ Two twiſted horny bones belonging to 

the penis, and articulated with the ſheath, 
through which the penis erects itſelf. 

c The flexible part of the penis. 

d d Two little black horny bones, forming a 
border round the extreme ring of the abdo- 
men; and articulated with the former bones. 

e e Places where the articulations appear. 

F The nervous body of the penis. 

A dilatation of the root of the penis, with 
which the vaſa deferentia, and ſeminal veſ- 
ſels empty themſelves. 

% The teſticles. #7 7 The ſeminal veſſels. 

EE Short tubulated ſeminal veſlels, laid bare 
in one of the teſticles. 

] Veſſels for the conveyance of the ſeed. 

mm Windings of the ſeminal veſicles, the ex- 
treme ends of which are dilated. 


FIG, VIII. 
The ovary of the female. 


a a The ovary conſiſting of two parts. 

b The laſt rings of the abdomen. 

ccc Some protuberances of a ſubſtance be- 
tween bone and horn, appearipg like ſpots 
on the laſt abdominal ring. 

d Hairs growing in the ſame place. 

e e e Eggs belonging to one fide of the ovary, 
as yet in their natural ſituation, 

F The ſame eggs a little more magnified, and 
removed out of their natural ſituation. The 
remaining part of this ovary is marked by 
dots. 

g Pulmonary tubes interwoven with the ovary. 

Some branches of the ſaid tubes diſperſed 
both within and without the coats of the 
eggs. 

11 The 
tubes. 


greateſt extreme branches of the ſaid 


2E Two ducts of the ovary, by which the eggs 


are let out of the body. 

] Three beautiful unknownparticles, each ſup- 
ported by its ſtalk, 

-m The point of the inflexion of theſe tubulated 

particles. 

n Their tubes and windings. 

That end of the tubes which lies neareſt to 
the duct of the ovary. 


A Short Explanation of the TABLES. 


Ix 


T AB. XLIII. 
| The Hiſtory of the Acarus, or Mite. 
FT F1G. I. 
The Acarus or Mite, of its natural fizt. 
FI G. 1. yy 
A microſcopical view of the Acarus. 


12345678 
of the body. 


a The head, in which are ſeen two nails be- 
longing to the inſeQ's legs, with which, 
when about to ſpring or leap up, it com- 
preſſes its anus. 

b The larynges or tops of the aſpera arteria, 
projecting beyond the ſkin. 

c The place where there iſſue from the main 
tranſparent trunks of the aſpera arteria, two 
branches, which unite by 4 mutual anaſto- 
moſis, or inoſcalation with the branches of 
the fourth ring. 

dd ddd dd The inoculation of the pulmo- 
nary tubes, which appear through the re- 
maining rings of the body. 

e 2 particle of the fat appearing through the 

in. 

, Some blind guts, appearing in the ſame 
manner. 

g A conſiderable branch of the aſpera arteria, 
which appears through the ſkin under the 
tenth ring, between the two principal 
branches of the trachea. 

5 A beautiful particle of fat, appearing under 
the eleventh ring, and near which may be 
diſcoverd the two extremities of the branches 
of the trachea, 


FU. Uh, 


The manner in which the Worm bends itſelf into 
a circle, in order to prepare for leaping. 


9 10 11 12 The twelve rings 


FL £3. - BY. 


The manner in which the circular form changes 
to an oblong one ; juſt as the Acarus is about to 


leap or ſpring. | 
£5443, 


The feet, parts of the mouth, flomach, inteſtines, | 
and ſome other viſcera of the Acarus, as viewed 
with the microſcope. 


a a The feet or teeth, and nails. 

b Origin of the horny bony parts of the 
mouth, and palate, | | 

c c Four appendages of the ſaid parts. 

d Horny bones, which ſerve to keep all the 
parts in their proper ſituation. 

e The dilatation of the gullet, which I call 
the ingluvies. | 

H Four blind appendages under the ingluvies. 

N | g The 


. 7 
(2! 


The ſtomach, of a conſiderable length. 

; 1 Ramifications of the ben Arteria, viſible 
in the 8 

Contents of the aſpera arteria, appearing 
through its arent coats. 

k k The origin of — blind guts, of which this 
inſect has four. 

1 1 Two of the ſaid guts, containing a yellowiſh 
green ſubſtance. 

m The two others, whoſe contents reſembled 
a coagulated ſubſtance. 

n Pulmonary'tubes, belonging to a blind gut, 
of the ſame kind. 

o The pylorus. þp þ The colon. 

The ſtraight gut. The anus. 

s 5 Two particles of fat, and their diviſions, 
with which one of the blind guts is inter- 
woven. 

rt Two glandulous ſwellings, and channels of 
the ſalival duct, which runs along the gullet 
to the jaws in form of a {lender tube. 

vv Two other ſwellings, with their channels 
and pulmonary tubes, 

x x Some particles of fat, and their diviſions. 

yy Two other particles of the ſame kind, 
which ſhew themſelves in the ſame place 
like appendages in the form of a chain. 


. 
Diviſions of the particles of fat, magnified to a 


greater degree. 


a a a Seven diviſions of the particles of fat, in 
which it is laid up in the form of oily, ſphe- 
rical particles. 

6 The manner in which the pulmonary fiſtules 
paſs through the cells that contain the fat. 


1 


The brain, ſpinal marrow, and nerves, bigger 
than nature. 


4 4 The right and left lobes of the brain. 

b b The nerves, ifluing from the upper part 
of the brain. 

c The nodules, formed by the ſaid nerves. 

d d Two fine nerves, iſſuing from the ſaid no- 
dules, and running to the muſcles of the 
head and legs. 

ee Two pair of muſcles ſent by the ſpinal 
marrow to the muſcles of the thorax. 

, Two ſtrong nerves, with their dilatations, 
adminiſtering to the muſcles that ſerve to 
move the wings. 

gg A great many fine nerves diſtributed a- 
mongſt the muſcles, and viſcera of the ab- 
domen. 

hh Ramifications of the ſaid nerves. 


FIG. VIII. 


A ſide view of the ſpinal marrow and brain. 


4 The brain. 
The ſinus of the ſpinal marrow. 


A Short Explanation of the TA B LE S. 


c A cleft in the ſpot wanker fr — 
of the guller. | 


FIG. Ix 
1 


4 4 4 The oblique deſcending muſcles with 
two bellies, of ati of which, one of the 
tendons is inſerted into the muſcle itſelf. 

þ The broad tranſverſe. muſcles. 

cc The The oblique aſcending muſcles. 


FI G. X. 


The Acarus, or Mite, cuntracted. in which con- 
dition I call it a Vermiform-Nymph. 


F I G. XI. 


The ſame, bigger than nature. 


2 The head and mouth. 
5 The tail and its tubercles. 


FIG. XII. 


The concealed Nymph, extracted from the con- 
trated or fhrivelled ſtein of the Acarus. 


FIGO. Alt 


The ſame Nymph, bigger than nature. 


a The two horns of the future fly. 

b The eyes. c The proboſcis. 

4 The firſt pair of legs. ee The ſecond, 
, The folded wings. 

g The third pair of wings. 

The rings of the body. 


1 


To flies iſuing from the Acari, or Mites, of 
thetr natural fize. 


F 1 @. XV: 


A microſcopical view of the male Jy, produced by 
the Acarus or Mate. 


a The antennz or horns. 


b b The firſt of legs, their joints, hair, and 


nails. 
c c The ſecond pair. dd The third. 
e e The wings and little hammers placed under 


them. 


F The rings of the belly. 

F I G. XVI. 
The ſkins caſt by the Acarus, bigger than nature. 
a The upper peg} of the torn, Bil where the 


fly creeps out. 


6 The lower part, . 
FIG, 


F I G. - XVII. 
The genital parts of the male. 


a The horny part of the penis, curled in a ſur- 

priſing manner. 

þ The membranaceous part of the penis. 

c The fore end of the penis, which is here re- 
preſented as it receives the vulva of the fe- 
male, inſtead of being received by it. 

4 The nervous root of the penis. 

e The place where the root of the penis is 
dilated. 

F The teſticles of a yellowiſh red. 

g The vaſa differentia. 
hb h Spherical appendages of the veſſels. 
ii The ſeed bags. + & The proſtata. 


| FIG. XVIII. 
The external parts of the uterus and vulva. 


a a The two laſt rings of the body. 

b b The firſt joint of the extremity of the ute- 
rus, covered with hair, and furniſhed with 
two little black horny bones. 

ce The ſecond joint encloſed in the firſt. The 
extremity of this ſecond joint is likewiſe of a 
ſubſtance between bone and horn. 

4 The third and laſt joint, formed of the ſaid 
ſubſtance, and covered with hair. This joint 

is received by the penis. 


FIG. XIX. 


One of the fixty-four ovidutts. 
a A perfect egg lying in the oviduct, of a 


white colour. 


b Three imperfect eggs of a watery colour. 
T AB. XLIV. 


Obſervations on the Vermicles, or little Worms, 
found in the tubercles of the leaves of 
Willows. 


FIG. I. II. and III. 


Tubercles of Willow leaves, the eggs, and Worms 
repreſented by fix ſeveral figures, | 


1 


2 The external fide of the leaf. 

þ b The internal fide. 

ce The warts or tubercles, of an oval round. 

d Others of an oblong form. 

e Others full of wrinkles. 

F Very ſmall warts, which look rotten, as it 
were. | | 

g Warts, or tubercles, growing on the greater 
or main nerves. 

5 Another on the extremity of the leaf 

i Another growing on the nerve itſelf. 

E Others, which riſe on each ſide to an 
height, above the coats of the leaf, 

I Some on the ſtalk of the leaf. 


equal 


A Short Explanation of the TABLES. 11 


m Seven rudiments of indetties exhibited on 
each ſide of the leaf. 


1186. II. 


n The egg, that is found in the rudiments of 
the tubercles. 


Id. I. 


0 A tubercle with a cleft in it, through which 
the egg may be ſeen placed in the middle. 


"F 3:6 IL 


An egg magnified, ſo as to ſhew the head 
and two eyes of the encloſed Worm, that 
appear through its tranſparent ſkin, 


1. 


The Bind weed Caterpillar, full grown. 


The ſmall hole bored by it through the 
tubercle or wart. | 


F 1 G. II. 
A microſcopical view of the ſame Caterpillar, 


The eyes. ff The fix fore feet. 
u Six of the twelve middle feet, 


x The two hinder feet, next the tail. 
F 1.0. L 


y The manner in which the Caterpillar thruſts 
its anus out of the hole, made by it in the 
tubercle, and thereby diſcharges its excre- 
ments. 


2 2 Two ruſty coloured ſpots of the Willow= 
leaf; one of them with a hole in it, within 


which may be ſeen the nerves of the leaf, 
and the excrements and head of another 


Worm, that lives in it. Fig. VIII. exhibits 
this Worm of natural ſize. 


F I G. IV. V. and VI. 


The Fly's web, and the Fly itſelf; likewiſe thoſe 
parts of the Fly, with which it bores 75 * 
paſſage through the tubercle or wart ; in five 


figures. 


. 


a The oval web of the Fly. 
6 The Fly itſelf. 


EF. Y. 
The Fly ſeen through the microſcope. 


c The antennæ or horns. 
4d The black ſpots on the wings. 


e e Six legs, their joints and two nails to each 


leg. | 
F.1:0:: VL 


The parts with which the female bores the leaf. 
ff The laſt rings of the abdomen, 


g An inſtrument like a ſaw. 


þ h Two pointed horny bones, 


FIG, 


- \ 
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hi A Short Explanation 
29G. IV. | 
A little lid or cover, which the F lies at their 


firſt appearance thruſt out of their web, as 
out of a little barrel. 


F 1 G. VU. 


A microſcopical view of a very ſmall inſect, which 
reſts on the external ſurface of the Willow tu- 
bercles or warts. 


F I G. VIII. 


The little Worm found between the coats of Willow 
leaves, of its natural ſize. See Fig. I. let. 2 2. 


I 
A microſcopical view of the ſame Worm. 


a The head and two teeth. 
55 Its broad thorax, and tranſparent pulmo- 


nary fibres. 
c c The other rings of the body, which is co- 


vered with hair, and ends in a pretty ſharp 
point. 


I. 


The Nymph, in which the Worm is afterward 
exhibited changed, a little magnified. 
1 

De ſame Nymph more magnified. 


a Two crooked briſtles on the head. 

5 b Its horns and antennæ. | 

c c The ſecond and third pair of legs: The 
ſecond is armed with two briſtles. 

d d Two ſheaths to cover the wings. 

e e The third pair of legs, and their briſtles. 

f The wings of the body, and the prickles and 
ſtings of the tail. 


FG. AL 
The Beetle produced by the ſaid Nymph. 


118 
The ſame Beetle magniſied. 


a Its reticulated eyes. 


3 Its ſnout or beak, of a ſubſtance between 


bone and horn. 

ce Its antennæ or horns. | 

dd d Its fix Feet, upon the leaſt pair of which 
this inſet makes it ſprings or leaps. 

e e The ſheaths of the wings. 


., 
Rudi ments of Willow leaves juſt beginning to ſhoot 


or bud. 
a Four of there young leaves, with their ſtalks 
and rough ſurfaces, 
b Red Worms, generally found within the 
leaves. 


of the TABLES 


FE I G. xv. 
A microſcopical view of a Fly produced by one of 
„ the Worms. | 
F 1 G. XVI. 


A tubercle or wart growing in the Willew in form 
of a roſe. 


a The tubercle and its ſtalk. Þ 
b A pyramidal cluſter of leaves, within which 
the Worm lies. 


FIG. EVIL 


Repreſenting in five figures all the changes of the 
Worm, and its tubercle. 


c The manner in which the leaves of the tu- 
bercle may be ſeparated one by one. 

d Part of the Worm's body, that lies in the 
middle of the cluſter. 

e A delicate membrane or web, more imme- 
diately encloſing the Worm. 


F The Worm itſelf. g Its Nymph. 


The Fly to which the Nymph changes. 
FIG. XVIII. 


An Alder leaf with various Worms betaween its 
loo coats. 


a The coat of an Alder leaf ſwelled into a tu- 
bercle, on account of the Worm that had 
made its bed under it. 

b b The upper coat or ſkin removed, in order 
to ſhew on each ſide, how the other coat is 
contracted underneath into a ſmall fold. 

c The web enclouling a Chryſalis, diſſected; 
and near it the excrements of the Worm 
formerly contained between the two coats of 
the leaf. 

d Another Worm with ſix feet, found like- 
wiſe between the coats of the Alder. 

e A third ſpecies of Worms found in the ſame 
place, with the ſkin caſt by it, and its ex- 
crements. 

Two oblong webs made in their cells by the 
ſaid Worms. 

g Part of the leaf, where the ſame Worm is 
found, when as yet very ſmall. 

The ſame part, where the Worm has made 
itſelf more room. 

: Another cell or neſt like the former, but a 
great deal more ſpacious. 


186. 


A microſcopical view of a Chryſalis found in its 
web within the coats of an Alder leaf. 


2 The ſharp pointed head of this Chryſalis. 


b The hinder part of its body, formed like a 


pear. | 
7 cc Fine 


9 


1 


1C 


ts 
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c c Fine hairs growing on its body. 
4d Its eyes. e Its proboſcis. 


FF Its firſt and ſecond pair of legs. 


g Its anntenæ or horns. 5 h Its wings. 
7 The laſt pair of legs lying between the an- 
tennæ. 


k The rings of the body. 
F I G. XX. 


The Butterfly produced from the forgoing Chry- 
ſalis, drawn after nature. 


F IG. XXI. 
A micrcoſepical View of the ſame Butterfly. 


a a The antennæ. 6 The proboſcis. 

cc The upper pair of wings, beautifully co- 
loured. 

44 The lower pair of wings, for the moſt part 
covered with feathers. 

ee Three white hairs, like thorns, growing 
on the hinder legs. 


T AB. XLV. 


A ſhort explanation of the figures ſerving to il- 
luſtrate ſome of the foregoing hiſtories. 


F IL G. I. 


The manner in which the Fly lays its eggs, with- 
in the leaves of the common Thiſtle ; which eggs 
afterwards produce Worms. 


FIG. U. III. IV. and V. 


The Tubercles or Warts of the ſlinging Nettle, 
with the Worms and Nymphs found in them, 
and the Flies produced h the ſaid Nymphs, in 
four Figures, | 


F IG, II. 


a Some excreſcencies growing on the ſtalk. 

3 Some tubercles or warts of the ſame kind, 
on the nerve of the leaf, and on the rudi- 
ments of the young leaves. 

c Others growing irregularly on the leaf. 


F188. M. 


4 The Worm found in the tubercles of the 
Nettle, of its natural Size. 

e A microſcopical View of the ſame, ſome- 
what broader in the middle. 

FA fine or flender ſnout projecting from its 
extremity. 

g Fine hairs growing on its body. 


F166. 1v. 
5 The Nymph magnified to a greater ſize, 


with very large eyes in its head, Here are 


likewiſe to be ſeen its horns, legs, wings and 
abdominal rings. 


7 Its little tail bent backwards, 


F.IGV. 


& The Male Fly of its natural ſize. 


FIG. VI. VII. and VIII. 


The downy excreſcencies growing upon Oak trees, 


with little hollow bags or tubes, and the Flies 
engendered and living in them. 


F 


a a a The circumference of the downy ball 
or globe, after its natural condition. 
þ The ſtalk fu porting it. 


An Oak leaf growing out of the middle of 
the ball. | 


FIG. VII. 


4 Bags or tubes, within which the Worms 
turn into Flies, and in whoſe circumference 


the downy hairs of the ball inci 
e y all are nn 


. 
ee Little holes, which the Flies goon in the 


downy ſubſtance in order to eſcape out of 
their cells. | 3 


FIG. WI. 


F The Fly itſelf of its natural ſize, 


F 1 G. IX. X. and XI. 


The ſpongy tubercle ꝙ the wild Roſe : The ſame 
laid open in the middle: Laſtly, the Flies bred 


in it, 
. 


a a Knobs and inequalities of the tubercles; 
6 The ſtalk ſupporting it. | 


B28. 


c A ſection thro' the middle of the faid tubercle: 
5 the cells in which the Worms grow 
to be Flies. | | 

"2 of © BR © 


J The firſt ſpecies of Fly that iſſued from the 
faid tubercles, with a pretty thick body. 

e The other ſpecies of the biſeta, or two haired 
kind, 


1 


F Round holes knawed by the Flies in the 


Sus! tubercle, in order to get out of their 
cells. | 


O | F 1 G. 


hv 
FIG. XII. XII. XIV. XV. and XX. 


T he tubercles or warts growing on Oak leaves: One 
of them opened: The kidneybean-like ſubſtance 
found in them : A tubercle cut off from the 

leaf: A microſcopical view of the bean-like 

ſubſtance : The manner in which the tubercle 
dries up or withers. | 


K 1 G. XII. 


a a Excreſcencies found on the fore end of the 
leaf, and likewiſe a little higher up, on the 
leaf's nerve or main rib. 

þ Two tubercles ; one of them a double one, 
growing ſtill a little higher up on the nerve 
or main rib ; the other almoſt on the edge 
of the leaf. 

cc Some tubercles on the extremities of the 
leaf, 


F'1 ©. Al 
Containing five drawings, 
d The upper part of one of the tubercles cut 


off. 
e Three diſtinct excreſcencies like kidney-beans, 


found in the hollow of the tubercle. 
Three excreſcencies like beans, taken out of 


the hollow cell or cavity. 


5 3 CG. . 


A tubercle or wart of the ſame kind cut open, and 
exhibiting two kidney-lihe beans lying in it, in 
the ſame manner that a preſerved almond lies 
within its candied covering, without any in- 
termediate vacancy. This is a microſcopical 
view, ſhewing the objects a little larger than 
nature, 


11. % 


The bean-like ſubſtance, with an uneven 
ſurface. 

þ That part of the bean, by which it princi- 
pally adhered to its tubercle, and received 


its nouriſhment. 
. 


2 7: The manner in which the tubercle begins 
to lefſen, and wither up by degrees, ſo as to 
become fit for the impreſſion of the Fly's 
tceth, and thereby afford it an opportunity 
of eſcaping. 

F I G. XU. 


& A ſmall round hole, gnawed by the Worm 
in the withered part of the tubercle, and 
thro' which it iſſues into the open air. 

11 Places where the tubercles dry up, and 
which may be ſeen without cutting it. 

m The Worm cut out of its bean-like part, 
and repreſented of a ſize bigger than nature, 

on an Oak leaf. 


A Short Explanation of the T AB LE S. 
F I G. XVL | 
The ſame Warm ſtill more magnified, and of the 


form in which it appears, when about to enter 


the Nymph ſtate. 
F I G.: XFIE 


The ſame Worm changed into a Nymph, and 
viewed with a greater magnifier in order to 
fee ts limbs more convenientiy. 


a a Its eyes, reſembling a net. 
5 The antennæ lying between the legs and 
the wings. 


c The abdominal wings. 


F I G. XVIII. 
The ſame Nymph, changed to a Fly, of its na- 


tural ſiae. 
FI G. XIX. 


The ſame magnified. 


a a The antennæ placed before the eyes. 

b The four wings. 

cc The leaſt pair of its fix legs, every one of 
which is armed with two nails. 

d The ſharp extremity of the abdomen, with 
which the Fly bores holes in the Oak leaf 


for the reception of its eggs. 


F 1 GO. XXL. 


Repreſenting, in two drawings, the excreſcence 
growing on the leaves of the black Poplar, with 
the Worms and their food contained therein. 


a A wrinkled excreſcence in the external coat 
of the leaf. | 
5 The principal rib of the leaf. 

c The internal fide of the leaf, where the wart 
or tubercle opens into a flit or opening. 
dd Windings of the principal nerve or rib, 

in the external coat of the leaf. 


FIG. XXII. 


A microſcopical view of one of theſe very minute 
Worms, that is furniſhed with two horns, two 
eyes, and fix feet; and is moreover divided 
into head, thorax, and abdomen, 


e A woolly or downy ſubſtance, which theſe 
little inſects very beautifully wear on the 
hinder part of their bodies. 


F I G. XXIII. 


F The inſects glutinous food, contained within 


the woolly or downy ſubſtance, and re- 
ſembling a veſſel with a ſpout uſed to feed 


infants. 


g The manner in which the downy ſubſtance 


curls up, when its moiſture is conſumed. 
F I G. 


A Short Explanation of the TABLE S. 


F I G. XXIV. 


5 Two pair of cups or membranaceous buds, 
in which the wings grow, and are encloſed 
as it were 1n little bags. . 


FIG. XXV. 


A micreſcapical wiew of the ſame Worm changed 
into a Fly with four wings. 


F 1 G. XXVL 


The footleſs Worm, found on the leaves of the 
Cabbage, of its natural ſize, 


FIG. XXVII. 


The ſame Worm changed into a Nymph, repre- 
fented lying on its belly, and of its natural jize. 


FIG. XXVIII. 


A microſcopical view of the ſame Nymph, and in 
the ſame poſture, with its limbs as appearing 
through their tranſparent integuments. 


a a The eyes. | 

6 The thorax and ſome of the hairs growing 
on it. 

ccc The abdominal rings. 

d One of the rings 

e The curled, -or folded, caſt off ſkins, of a 

ulmonary tube. 

ff Part of the Cabbage 

Nymph glues itſelf by this membrane. 


FIG. XXIX. 


A microſcopical view of the ſame Nymph, diueſted 
of its caft ſeins, and placed on its back. 


a An eye, of one fide. 6 The two horns. 

c The proboſcis. 4 The folded wings. 

e The hinder pair of legs. 

ff The extremities of the genitasl, which lie, 
as it were, out of the abdomen, 


| FIG. XXX. 
The Fly of the ſaid Nymph, of its natural ſize. 
F I G. XXXI. 


The cell, or neft of the Moth; the encloſed Worm 
of the Moth; the ſame extracted; likewiſe its 
Chryſalis and Butterfly ; alſo the manner 
which the ſein of the Chryſalts remains faſtened 
to the fore end of the cell or neſt : Laſtly, the 
very fine threads or filaments, with which the 
neft or cell is lined. 


4 The cell, ſpacious in the middle, but nar- 
rower at each end. 

The thread formed by the Worm, and by 
means of which, to avoid falling, it hangs 
and faſtens itſelf to the beams and walls of 
buildings, 


1 n " 
ann ee 
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— 
R 


2 The Worm. 


leaf, to which the 


I 

c The manner in which the Worm of the 
Moth creeps out of its caſe or cell by the fore 
feet, and faſtens itſelf with a thread of its 
own ſpinning, in ſome convenient ſituation. 

d The Worm itſelf of its natural fize, with 
ſixteen feet. - 

e The ſame changed into a Chryſalis. 

F The Chryſalis changed into a winged Butter- 
fly or inſect, called a Moth. 

g The caſt ſkins of the Chryſalis, projecting a 
little beyond the caſe. 

The internal ſurface of the caſe, very even 
and ſmooth. 


FIG. XXXII. 


A ſmall Worm found in muſk-bags, and its 
changes. 


Holes made by it in wood 
and paper. 

c Its oval web. 4 Its Nymph. 

e The Beetle produced by the faid Nymph. 


A Warn found upon leaves, in very black caſes, 


a The manner in which the Worm carries its 
caſe about with it. 
The Fly produced by the ſaid Worm. 


F I G. XXXIV. 


Another ſpecies of a Worm, that carries its caſe or 
cell about with it, 


c The cell of a triangular form at its upper end. 
d A nocturnal Butterfly or Moth, into which 
the ſaid Worm changes. 


e A Fly, into which another ſpecies of theſe 
Worms changes. 


FA little Fly, into which the third part of the 
ſaid Worms was changed. I found ſix or 
ſeven of theſe very minute Worms, 


FI G. xXXV. 


A pyramidal cell, formed by a Caterpillar that 
inhabits it, and moves about with it. This 
cell or tube 1s compoſed of bits of wood, ſo as to 
reſemble a piece of cheque or moſaic work, 


FIG. XXXVI. 
A tube or cell formed of ſand by a Sea- Morm. 


T A B. XLVI. 


The flow growths or accretions of the Frog, 
and Garden Clove-July -Flower, in which 
they reſemble the inſets. 


The figures on the left hand fide exhibited, 


No. I. The Frog's egg, or the Worm of the 
Frog, within its firſt coat, or integument, 
| 0 reſembling 
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I 

reſembling a little globe or ſphere, encloſed 
by another greater globe. | 

4 The encloſed globe forming, as it were, the 

yolk of this egg. 

6 Fi The encloſing globe, reſembling the white 
of the egg. 3 

II. The Worm of the Frog diveſted in a man- 
ner, of its firſt coat. 

c The coat removed to the hinder part of the 
Frog's Worm. 

d The Frog's Worm rolled out from under the 
ſaid coat. | 

eee Its food, like the white of an egg ſur- 
rounding it. 

III. The Tadpole or Worm of the Frog grown 
bigger, and floating in the middle of its food. 

FF The food ſwimming, or floating in the 
water, like an expanded cloud. | 

g The head, breaſt, and abdomen, made up 
as it were in one globe or ſphere. 

Y The tail. 

IV The ſame Tadpole more grown, ſhewing 
its fore legs, which encreaſe by degrees as 
do likewiſe the hinder legs, but ſtill under 
the ſkin. 

; i The fore legs growing out by degrees. 

V. The Nymph of the Frog, or the Tadpole 
ſufficiently grown, and in a condition to be- 
come a Frog, as all the limbs of the Frog 
have acquired in it their due perfection, ſo 
that to appear in the form of a Frog, it need 
only caſt its external ſkin, 

k E The fore legs, which by degrees have ac- 
quired their perfection under the ſkin. 

The hinder 2 which are likewiſe perfect, 
and project beyond the ſkin. 

VI. The Frog itſelf, arrived at length at the 
ſtate of a perfect animal, after paſſing 
through the various forms, of egg, Worm, 
and Nymph. It is not however, like inſects, 
immediately fit for generation, but muſt wait 
ſome years to attain that degree of perfection. 

n m Two veſicles growing near the eyes of this 

Prog, which ſhew it to be a male one. 


The figures on the right band repreſented. 


No. The garden Clove-July-Flower in its firſt 
coat, in which ſtate it is called ſeed. 

A. A microſcopical view of the ſeed itſelf, in 
which may be (een the cicatrix or ſcar of the 
naval ſtring, by which it was faſtened to the 
ovary, and received its nouriſhment. 

II. The coat caſt off by the ſaid ſeed. 

B. The ſeed itſelf, that lay encloſed within the 
ſaid coat, of its natural fize. 

C. The fame ſeed ſtripped of its coat, and 
magnified, fo as to ſhew its little points and 
bivalved partition cleft, which divides the 
reſt of the body into two parts, 

III. The young germeof the Clove- July-Flower. 

IV. The ſame germe unfolded into leaves. 

V. The caſe, or as it were the gem or bud of 
the Clove-July-Flower, which may be con- 
ſidered as the real Nymph of the vegetable. 


A Short Explanation of the TABLES. 


VI. The Clove-July-Flower itſelf broken from 
— Fw or bud, and in a condition to produce 
eed. 6 | 


T AB. XLVII 
. 
The genitals of the male Frog, viewed with the 
| microſcope. | 
a a The teſticles. 3333 The loins. 
c Some of the appendages of the teſticles, 
conſiſting of oily or fatty bags. | 


d A ſingle appendage of the ſame kind. 
e Others divided into two branches. 


} Blood veilels on the ſurface of the teſticle. 


g £ Globular heads or ends of the ſeminal teſti- 
culary veſſels 

Some teſticulary veſſels, conſiſting of two 
parts. 

7 1 Divided paraſtatæ, or ſeminal veſſels, by 
means of which the ſeed is forced from the 
teſticles into the common vaſa deferentia. 

k The manner in which theſe veſſels run un- 
der the membrane that encloſes the kidneys, 
and unite with the vas deferentia. | 

[1117 Vaſa deferentia lying round the loins. 

m m A rough draft of the arteries diſtributed 
through the kidneys. 

nn Two lingular and ſtrange bodies ſeated at 
the kidneys, under the ſkin. 

0 The place where the deferentia form on 
each fide a ſingle trunk. 

Þ£ þ Seminal veſſels, or ſeed bags. 

q q The ſtraight gut, into which the vaſa de- 
ferentia and ſeminal veſicles diſcharge them- 
ſelves, 

The orifice, or end of the ſaid parts. 

s s The urinary bladder divided into two parts. 


E 1-0. 
All the foregoing parts, of their natural fize. 


FI G. III. 


One of the ovaries, M its natural ſize. 


a a Diviſions, or natural ends of the ovary. 

4 A braſs tube introduced into one of the little 
lobules of the ovary, in order to blow it up. 

c c Eggs appearing through the membranes 
compoſing the ovary. | 

d One of the lobules of the ovary laid open, 

. ſo as to afford a diſtin view of the encloſed 


eggs. 
FU. 3K 


The heart, liver, lungs, tubes, uterus, &c. in 
an impregnated female Frog. 


a The ſkin wih the ſternum and its cartilage 
drawn back over the head, and faſtened with 
a needle in that ſituation. 

b The cavity, or hollow of the membranes, 


containing the heart, and formed under the 
breaſt 


A Short Explanation. of the TABLE S. 


breaſt bone by the concretion of the perito- 
neum, and the ligament by which the liver 
is ſuſpended. | | 

r c Natural openings of the tubes, growing 
againſt the membranes already taken notice 
of, which extend over the heart, and its pe- 
ricardium. 

d d That part of the tube which makes a great 
many beautiful windings and foldings. 

e The blood veſſels of the tubes. 

FF The extremities of the tubes, near or about 
the ſides of the uterus. 

g The uterus, conſiſting of two parts. 

5 The ſtraight gut in its natural ſituation. 

i The urinary bladder, conſiſting of two parts, 
in its natural ſituation. 

E The contracted ovary, in which there till 
remains one perfect egg. 

Part of the left kindey, upon which the ovary 
lies, and at whoſe ſide lies the vein of the 
kidney. | 
Appendages of the ovary ſupplying it with 
oll. | 

n Two eggs floating freely in the belly, near 
the tubes | 

o An egg in the tube itſelf. 

ↄ The ſtomach contracted, in its natural ſitu- 
ab 

q One of the tubes of the liver. 

7 The gall bladder. 

s s The lungs; the left one contracted. 

t The auricle of the heart. 

u u u Parts of the thorax and abdomen cut 


off. 
T1) F, 


The manner of finding the eggs diſperſed in the 
Frog's belly, when in their paſſage through the 
tube into the uturus. 


4 Some little eggs in the ovary. 


b bb Some eggs, ſcattered up and down the 


belly. 

c Six eggs cloſe to the tube's mouth. 

d d d Eggs in the tubes. 

e An egg in the tube, near its mouth. 

F Some eggs, preſſing through the extremities 
of the tubes, into the utrus. | 

g The manner in which the eggs appear faintly 
through the uterus, 

þ The manner in which the eggs appear di- 
ſtinctly through the uterus, after it has been 
for ſome time expoſed to the open air. 

1 The extremity of the double uterus,” which 
opens into the ſtraight gut, about an inch 
from the place where the tubes empty 
themſelves into the uterus. 

k The origin or beginning of the great artery, 
with the auricle and heart. 

] Natural openings of the tubes. 

mm The lungs in their natural ſituation, in 
part covering the tubes, 


wil 
N 


A microſtopical view of the fire legs or arins of 
| | the male Frog, | : 

a The thick thumb. . 

6 Black papillæ, with which it is covered. 


T AB. XLVIII. 
F 18. 1. and II. 
The manner in which the Frogs copulate. 


4 a The manner in which the male embraces 
the female, with his arms, and as it were 
folds his fingers between one another. 

5 The manner in which the head of the 
male, lies over the head and between the 
eyes of the female. 

c c The drum of the ear, covered only with 
the external ſkin. | 

d The manner in which the female ejects her 
eggs. 

9 : manner in which the male pours out its 
ſeed upon them. 

F The manner in which the eggs flow together 


in a circular form. 


F I OG: III. 
A microſcopical view of the ovary and its appen- 


dages. 


a a Some eggs, 6 Larger eggs. 
d Eggs becoming imperceptible by degrees. 
e Blood veſſels interwoven with the eggs 


FA perfect egg, about to diſappear in the 
ſame manner | 


FI1I9 I, 
A cluſter of eggs magnified. 


a aa Hollow membranes, or little membranes 
full of cavities, in which the eggs lie. 

b b Blood veſſels belonging to the faid cluſter, 

c c The main trunk of the blood veſlels. 


No. 1. to 10, 
| The ſlow increaſe or growth of the eggs. 


1 AFrog's egg newly depoſited, 
2 Another, a day old. . 


3 Another, two days old. | 

4 Another, three days old, as expreſſed in 
four different drawings. 

5 Another four days old. 

6 The fœtus of the Frog, as it appeared the 


next day. 


10 The fame viewed on the tenth day from 
the laying of the egg. 


P FIG YV.. 
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— 


an egg newly depoſited, and divefted of its white. 


* 


a a A furrow in the middle of the Frog's body. 

b b Remains, or rather rudiment, of a yellow 
ſpot, which appears in the ſkin of theſe 
creatures, even before they are hatched. 


_ * 


| FIG. VI. 
The ſame fetus broken into two parts. 


a A protuberance in form of a creſcent, viſible 
on the internal ſurface of one of the ſides ; 
in this place the furrow penetrates to a con- 
ſiderable depth. 

b A little hole or cavity in form of a creſcent, 
ſerving to receive the foregoing protuberance. 

ce The place where the furrow is very ſhallow. 

4d The ſurface of the fraction, ſhewing the 
Frog's body to conſiſt of globular, or ſphe- 
rical grains or particles. 


F 3. G.: VII, 
A microſcopical view of the young Frog, within 


its chorion and amnion. 


a A ſide view of the Allantoies, with the cho- 
rion and amnion which entirely encloſe the 


fetus. 

The furrows already taken notice of. 

c Superficial clefts of the yellow ſpot, obſer- 
vable in the Frog's egg. 


F I G. VII. 
The ſame parts, but in another ſituation. 


a The coat, called the allantoies dilated. 


F-1 0. 1+ 
Another repreſentation of the ſame parts. 


a The allantoies or coat, ſtretched out into the 
ſhape of a pear. 


FIG. X. 


The ſame parts again, with the foregoing coat 
extended to its greateſt fize and bulk, 


T3 Go. 6 


The fatus of the Frog, as it appears fourteen 
days after the laying of the egg. 


P 
A microſcopical view of the ſame fetus. 


a a The eyes. 6 Its wide mouth. 

c c Fimbricated appendages, which in proceſs 
of time are taken in by the body, where 
they conſtitute the gills. 


cal view of the fartus of the Frog in 


g The heart. 


4 The extremity of the extius of the inteſtine, 
which forms ſome windings and protube- 
rances in the bell). 

ee The tail, of a fleſhy ſubſtance in the mid - 
dle, but membranaceous at the edges. 


F The extremity of the muſcular and cartila- 


ginous part of the tail. 


FIG. XIIL 


The fatus of a Frog, thirty-fix days after the 
laying of the egg, exbibigg very 1 its 
head, two hinder legs and tail. | 


4 The aperture or opening of the mouth. 
6 The hinder legs and tail. 


T A B. XLIX. 


10. 


The fatus of the Frog repreſented by Fig. XIII. 
of the laſt Table, 72 and viewed with 


a microſcope. 


a a The lower jaw-bone, of a black horny 
ſubſtance, and furniſhed with teeth. 

b The upper jaw-bone. 

c c White papillz ſurrounding the mouth. 

d d A portion of the protuberant eyes. 

e e Four rows of gills on each fide. 


ff The lungs, one of which is inflated, the 


other collapſed. 

Y Its auricle. 

The liver and vena cava. 

4 The gullet. / The gall bladder. 

mn The winding of the gullet about the liver. 

Part of the meſentery, with its blood veſſels, 

o The ſtomach in the beginning of its growth. 
The pancreas in its natural ſituation. 

The ſmall gut. 

r r Very beautiful double foldings of the in- 
teſtines. 

s The ſtraight gut. The podex. 

4 The two hinder legs, which grow beyond, 
or on the outſide of the body. 

x xx The fore legs, which lay hid under the 
ſkin. yy y Muſcles of the tail. 

2 2 The membranaceous ſkin of the tail. 


. 


The manner in which the Tadpole caſts it ſein. 


a The ſmall opening of the mouth, in the 
{kin caſt by the Tadpole. 

6 The wide mouth of the Frog. 

cc The two fore legs, which heretofore lay 
hid in the breaſt, under the ſkin, now di- 
veſted of it. See Tab. XLVI. No. V. 
letters & E. 

d d The two hinder legs on the point of drop- 
ping their ſkins. 

ee Pulmonary veſicles, which nature has be- 
ſtowed on the male only. 


I Two 
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ff Two thick thumbs, proper likewiſe to the 
1 «ety ve; FRE int 
F I G. III. 
- The Frog's arteries. 


a The heart. 1 a 
4 The auricle, over which lies the origin of 
the great artery that iſſues from the Frog's 
heart. | ; 

c One of the two main trunks of the great ar- 
tery, which is like the ſubclavian vein, 
and runs towards the right fide of the thorax. 

J The other main aſcending trunk, running to 
the left fide. 

e e Arteries of the lungs, which they only 

- ſerve to nouriſh. I have here exhibited 
three branches of them, cut off. | 

F, Two minute arteries, ifſuing from the 
lungs, and running towards the parts.of the 
mouth, 

gg Two arteries, each of which ſwells into 
two knots. . 

h Two very conſiderable branches of the ar- 
teries, which ariſe from the aſcending trunks 
of the great artery, then take a circular turn, 
and at length unite in the loins. 

ii The axillary arteries. 

2E E The carotide arteries. 

] I The arteries of the vertebre, 

mn That of the meſentery. 

n That of the loins. 

o 0 Thoſe of the teſticles, and ovary, 

p Thoſe of the kidneys. 

9 The iliac branches. 


| 6B © ID \ 
Veins of the Freg. 


a a The upper trunks of the vena cava. 
The place where the arteries are cut away. 
cc The place where the pulmonary veins are 
likewiſe cut away. 
4d Veins running to the parts of the mouth. 
ee Others running to the head. 
f Two veins, running to the muſcles of 
the fore legs. 
g g Axillary veins. 

5% Two conſiderable branches, which run in- 
to the ilia under the ſkin. | 
1 The trunk of the vena cava, on the back. 

E E The vena cava in the liver. 
The vein of the meſentery. 
m The emulgent or kidney veins. 
nn The iliac. | 
o 0 The epigaſtric vein, running double at its 
origin, 
FG 


The motion of the muſcles in a Frog. 


a a Two tendons of a muſcle, held by the 
fingers, | 


b The dependent nerve of it, irritated ; by | 


means of which the muſcle contracts itſelf, 


lix 
and ſo draws towards itſelf, the two hands 
holding the tendons. = 
RETRO WP.” Ye; 


The manner in which the thickneſs of the muſels 
zncreaſes, during the contraction of the muſcle. 


4 A glaſs tube, through which the muſcle is 


b Two pins run through the tendons of the 
muſcles. - | 
c The irritated nerve, by which it comes to 


' paſs that the pins 63 are forced from their 
places towards dd, and that | 


e The muſcle, in conſequence of its contraction, 


fills the middle of the tube. 


FI G. VII. 


The manner in which the heart, during its con- 


tractionss takes up leſs room, and leſſens in 
| bulk. eee ep 


4 The heart, contracting itſelf within a ſyphon 
or glaſs tube, upon whoſe piſton it lies, 

bb A glaſs tube. 

c A drop of water, adhering to the inſide of 


the tube, which drop deſcends while the 
heart contracts itſelf, 


d The part of the tube, ſhewing how low the 
drop of water c falls at that time. 


FIG. VIII. 


The manner in which the muſcle, at the time of 
its contraction, comes to occupy a ſmaller ſpace, 


a The glaſs tube, or ſyphon 

b The muſcle. 

c A ſilver wire with a ring in it, through which 
the nerve paſſes. | 

d A braſs wire, with a ring on the upper end 


of it, through which the filver wire paſſes. 
e A dtop of water in the glaſs tube. 


F The hand that irritates the nerve, in conſe- 


quence of which irritation the drop on the 
muſcle, contracting itſelf, deſcends a little, 


E1 0. N 
The ſame experiment, ſhewn after another 


Manner, 


a The glaſs tube. 
b A little hole bored in the tube. 
c The nerve ſtretched through the ſaid hole. 


A. . 
The hiſtory of the Cuttle-Fiſh. 
18. 1 


We external parts or limbs of the * 
id 


Ix' A Short Explanation 
\. daid fiat en its bely, ſomewhat ihſi than 


nature. 


a 4 The two thickeſt and broadeſt of the 
Cuttle-Fiſh's eight legs, 
White furrows on the purple ground or ſkin 
of thekdn co: «> nl 
ccc The acetabula, or hollows like ſaucers, 
with their ſtalks, pediments or muſcles, of 
which there is a ſurpriſing number diſtributed 
all over the eight legs. SENS 
d d Origins of the arms of the creature, ' in 
their natural fituation. I 
F/ / The looſe membranaceous and muſcular 
{ſkin of the eight legs, with which ſkin the 
acetabula are covered, when the Cuttle-Fiſh 
faſtens itſelf to any place. | 


: 


gg Places of the legs where the acetabula are 


very ſmall, but have notwithſtanding the be- 
nefit of the ſkin. 

bh A more diſtinct view of the ſaid muſcular 
ſkin near the extremities of the arms; and 
likewiſe of the manner in which it ſerves to 
cover the acetabula. 

1 The Fiſh's ſnout, or beak, formed like that 


of a Parrot. 


& Fleſh, which ſurrounds the ſnout or beak, 


like lips or gums. 

[1 Theeyes, of an extraordinary ſize. 

mm The tranſparent cover of the eyes, or 
eye-lids, | | 

n The prominent point of the back. 

0 0 0 0 The ſoft and muſcular part of the Cuttle- 
Fiſh, on each ſide of its back. 
The place, lower down, where it is di- 
vided into a right and left fide. 


* 3 Gs 4a 


The conſtruction of the acetabula, the muſcles and 

rings of their natural fize. 

1 A muſcle in the centre of the acetabulum, 
as likewiſe the manner in which this part is 
entirely compoſed of muſcular fibres. On 

the upper part may be ſeen the black edge of 
of a horny bone, in form of a ring, of 
conſiderable ſervice in the conſtruction of 
this organ. 

2 The internal cavity of the acetabulum, its 
fibrous and muſcular ſtructure, as likewiſe 
the black edge of the ring, juſt now menti- 
oned. Lower down is to be ſeen that part 


of the muſcle, which ſerves to dilate the | 


acetabulum. 


3 The ring, already exhibited by its ſelf, placed 


on its fide. 
4 A front view of the ſaid ring. 
5 Part of the ſaid ring cut off. 


PI 0... 
The conſtruction of the ſnout or beak, of ts na- 


tural fize. 


424 The wings of a horny bone, compoſing 
the lower part of the beak or ſnout. 4 


of the TABLES 


6 The place where the beak or ſnout is bent 
upon itſelf, ſo as to acquire both firmneſs 

and thickneſs. '/» = + 

c The place where the ſaid bent back part of 
the ſnout or bea turns, and runs forward 
again, and forms a hollow cavity. 

4 The upper part of the ſnout or beak, which 
differs very little from the lower in point of 
conſtruction or ſhape. 8 

e e Its internal hollow, containing the tongue. 


FAO. 
The tongue, and * dufts, of their natural 


4 A natural bending, or inflection about the 
cartilaginous bones of the tongue. 

The muſcular fleſh of the tongue, of a ſpun- 
gy or fungous ſubſtance. 

c The mouth of the falival duct, in the muſ- 
cular part of the tongue. 

d The ſalival duct itſelf. 

e e Two glands, from which the ſalival duct 
takes its origin. 

FI Some of the muſcles belonging to the 


tongue. 
ag. 
The tongue by itſelf, of its natural fize. 


a The unequal membrane of the tongue. 
b Seven cartilaginous bones of the tongue, 
ſeparated from each other at their extremities. 


FG "VE 


A microſcopical view of part of the cartilaginons 
bones of the tongue. 


a Cartilaginous papillæ, ſituated on the ſaid 
bones. 


F119. VIE 
A microſcopical view of the tongue, inverted. 


a a Part of the root of the tongue, where its 
bones appear through the microſcope, in 
form of a regular piece of net- work. 


TAB. Lobo 
1 


The internal parts of the Cuttle-Fiſh, that may 
be ſeen, without any diſſettion, by juſt re- 
255. the looſe muſcular covering of the 
elly. | 


a a The muſcular covering of the breaſt and 
belly, cut off. 

3 5 The place on the declivity of the belly, 
where the ſaid muſcular fleſh was cut off. 


c The place near the tail, treated in the ſame 


manner. 


4 The 


Jd The lower part of the common excretory 
bag like an inverted funnel. 
e The upper part of the ſaid bag, narrower. 
F Two oval hollow parts, united to the 
excretory bag, 
Two conſiderable inencies or papillæ, 
adhering to the looſe muſcular part of the 
abdomen. © Theſe prominences fill up, while 


the creature lives, the hollow parts juſt now 


mentioned, | 

55 Two oblong and ſtraight muſcles, which 
ſerve to move the acetabula, that are, as it 
were, ſupported by them towards the pa- 

illz, and draw them back again. 

ii The gills, and their blood-veſſels, ſituated 
at each fide of the abdomen, and at a great 
diſtance aſunder. 

+ Diviſions of the blood-veſlels in the lamellæ, 
or plates of the gills, extended on the inſide 
to their roots, 

1] The place where the lamellæ of the gills 
terminate in a ligament, which ligament 
might very eaſily be taken for a blood-veſſel. 

m The ſame more diſtin&ly exhibited ; as like- 
wiſe a view of the diviſions of the blood- 
veſſels in the lamellæ of the gills. 

# A tranſparent part, called mutts. 

o The extremity of the ſtraight gut, which 
floats in the abdomen, like a hollow tube. 

5 The tranſparent ink--bag, which likewiſe 
diſcharges itſelf into the abdomen. 

Two tubular apertures, or openings, be- 
neath the ſtraight gut, and near it, by which 
the ſeminal matter is emitted. 

7 The place where there lie deeper, under 
the other parts, the veſſels in which the ſe- 
minal matter is prepared. 


The tranſparent ſtomach. 


A tranſparent particle, in form of a heart, 
belonging to the ſpermatic parts. 

u The extremity of the vaſa differentia of the 
teſticle, floating likewiſe freely in the ab- 
domen. 

x The tranſparent teſticle. 

y Some arteries, which run to the muſular 
parts of the ſkin. Their fellows are to be 
ſeen on the other fide of the body. 

2 Tranſparent nerves, which appear in great 
numbers through the ſkin, both there, and 
and at the other fide. 

z The muſcular circle of the mouth. 

22 The arms, cut off. 

„The order obſerved by the acetabula during 
the contraction of the muſcles. 

75 The internal conſtruction of the broadeſt 
and largeſt of the eight legs. 

© © The two eyes. 

F TO. I. 

A very diſtin view of the muſcles of the ſmalleſt 
acetabula, in their natural fituation and ſixe, 
as they appear on the extremity of one of the 
arms, ſeparated from the reſt. 

a The conſtruction and ſituation of the muſcles 
of the acetabula. 


A Short Explanation of the T A B L ES. Ixi 


6 The manner in which the acetabula are uni- 
ted with their muſcles. | | 

c 4 The place where the muſcles are ſhorteſt 
and ſmalleſt, being where the rows of aceta- 
bula begin and terminate. 


F I G. III, and IV. 


The body, called mutis, a little Jeſs than nature. 


a a Its upper part, which is very thick, and 
may be divided on each fide into two lobes. 


6 6 Its obtuſe appendages, in-which the lower 


part of it terminates, 

ce Two arteries, iſſuing from the great artery, 
and running to cr ſupplying the right and 

left ſides of the mutis. 

d A membrane ſeparated, and turned back 
from the mutis, in order to give a view of 
it internal veſſels, 

e The courſe of the veſſels, exhibited apart. 

5 A granulated ſubſtance, of which the mutis 
is principally compoſed, 


a.. 


The gullet, flemach, flraight gut, pancreas, and 
excretory duct of the Ink, 


a The jaws. 

6 Salival glands, in their natural ſituation, 
The gullet runs lightly over theſe glands, in 
its way from the jaws to the ſtomach, 

c The'ſtomach, 


d The blood-veſſels of the ſtomach. 
e The ſtraight gut. 


The pancreas, beautifully wound into a ſpi- 


ral form. 

g The bladder, ſerving to force out the ink. 

þ The duct of the ink from the ſaid organ to 
the extremity of the ſtraight gut. 

Ih blood-veſlels of the ink-bladder or bag. 

k k k A glandulous body, whoſe uſe is not yet 
diſcovered, 


Fro: 11. 
A piece of the Cuttle-Fifh's bone. 


4 A great number of little lamellæ or plates, 
compoſing the bone. The uppermoſt are 
the largeſt, and lie cloſeſt to each other, 

b The hard cruſty covering of this bone. The 
lamellæ or plates that are neareſt to this cruſt 

are the ſhorteſt, and likewiſe at the greateſt 
diſtance aſunder, fo as to afford a more fatis- 

factory view of the little columns that ſup- 
port them, one above another. 


a. :Vih 


A microſcopical view of two of the lamellæ, or 
plates, and their interjacent columns, 


c The beautiful order in which the colunins 


8 are 
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Ixii A Short Explanation 
are placed between the teſtaceous ſhelly la- 


mellæ or plates. e 

d The firſt or upper lamella or plate, in which 
appear the marks of the columns, broken 
away from it. 

e The lower or ſecond plate. 


F Some tranſverſal fibres of a ſhelly ſubſtance, 


which bind the columns together, and there- 
by add conſiderably to their firmneſs. 


FIG. VII. 


Some of the plates, juſt now exhibited, removed 
rom the columns that ſupported them. 
Their hollow tubular conſtruction, in conſe- 
quence of which they muſt naturally contain 
a portion of air, and of courſe the bone can 
ſwim on the ſurface of the water. 


10 
The tail of the Cuttle-Fiſb's bone, drawn after 


nature, 


A ſharp point, thro' which the Cuttle-Fiſh's 
bone grows out. 

11 The membranaceous parts on each fide. 

& The place where the piece of bone, under 
our conſideration, was broken off from the 
reſt of it, ſhewing ſome beautiful globular 
eminences, which firſt hardened into a ſtony 
bone above the reſt of the ſurface. 


. 


1 
The heart and arteries of the Cuttle-Fiſh, of 


their natural ſize. 


a The heart. 

55 The double auricle of the heart. 

ce Part of the largeſt blood-veſlels belonging 
to the gills, from which the auricles are ſe- 
parated. 4 The great artery. 

e e Its two branches, running to the body of 
the mutis, while others proceed further. 

F Arteries extended to the baſe, or root of the 

brain, where they are afterwards diſtributed. 

Two blood-veſlels, iſſuing from a lower 

part of the heart. They are full of veins. 


EF 0-H. Mn: IF. 


The brain, nerves, and eyes, of their natural 
ſize. 


a The brain. 

Fat lying near the brain, repreſented by dots. 

c The optic nerves, whoſe origens are like- 
wiſe inveſted with fat. 

d d Knotty dilatations of the optic nerves, 

eeee Nerves ſent in great numbers from the 


ſaid nodules or knots to the eyes. 
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FA blood-veſſel, that interſects the nerves run- 
ning to the eyes. | ; | 


> 


A great many little neryous fibres in the 
choroides of the eye. a JA 

The place where the ſaid coat converges a 
little more in form of a globe about the 
cryſtalline lens, and thereby forms the iris 
of the eye. | 

A portion of the cryſtalline lens, projecting 
beyond the eye. 


FIG... 


E The cover of the pupil, on that fide where 
I cut it off from the eye. 
That fide of the ſaid cover, which floats 


freely in the aqueous humour. 
. IV. 


mn The manner in which the cryſtalline lens is 
divided to a great depth by the ciliary liga- 
ment. 


FI. R. 


11 22 23 Three pair of nerves iſſuing from 
the brain, the middlemoſt of which is beau- 
tifully dilated into a nodule. | 

„ All theſe nerves are diſtributed amongſt the 
fore parts of the head, 

0 0 Cartilages encloſing the brain. 

5p Cartaliginous expanſions, in which the 
muſcles of the legs are placed, and in the 
middle of which the head and ſnout, or beak 
of the Cuttle-Fiſh, is placed. 

7 94 Two ſtrong nerves, which iſſue from the 
bottom or root of the brain on its hinder 
part. 

rr Two nodules, which theſe nerves form 
in the breaſt, and from which great num- 
bers of nerves run to the lower parts of the 
Cuttle-Fiſh's body. 


F1G. V. md VL 


The teſticle and its parts, of their natural dimcn- 
ions, viewed on each fide. © 


a Some little white bodies, which I found hang- 
ing in this creature on the outfide of the 
vas ditterens. 

The pointed extremity of the teſticle. 

c The corpus variciforme of the teſticle. 

d Its extremity, as far as I have as yet been 
able to trace it. 

e The place where the paraſtatz are moſt ample 
and ſpacious, as may be ſeen in the teſticle, 
turned upon its other fide. | 


F IA. #3. 


F Some other minute extracted from the teſti- 
cles, which was full of them. Thete parts 
are all looſe in the hinder part, without the 


leaſt faſtening. i 
| g Some 


A Short Explanation of thee TABLES. 


g Some fine filaments, in which the ſaid mi- 
nute parts terminate on their fore ends, 
and by means of which they are there con- 
nected together. | | 

5 The manner in which a white ſubſtance, that 
curls itſelf in a ſerpentine form, iſſues from 
the ſaid minute parts. 


FIG. V, 


ii The manner in which theſe white mi- 
nute parts appear thro the teſticle, and wind 
themſelves in a ſerpentine manner, while a 
yet encloſed in it. | 


F I G. VII. 
A microſcopical view of one of theſe minute parti. 


a Its hinder part, looſe and tranſparent: 

þ A white ſubſtance encloſed in the faid 
part, and which is forced out of it by the 
water that penetrates it. 

c Places where it is tranſparent at each 
end, 

d Beautiful windings of the ſame on its fore 

extremity. 

ee Its fine, delicate, or ſlender filament, 
which hardens in the open air like the Silk- 
Worm's thread. | 


7116. 


Two pair of glandular bodies, belonging to the 
ſeminal veſſels, of their natural Size. 


a a The firſt pair of theſe white bodies, cut off 
from the gills. 

3 The ſecond pair of gladular bodies of a 
gray colour, in other reſpects like the firſt 
pair, with which they are connected by 
means of two glandular tubes. 

cc A glandular body ſituated between the two 

pair juſt deſcribed. 

4 d Some tender membranes, which bind to- 
gether the ſaid body and its lobules. 


FTU. 


A third particle belonging to the ſeminal veſſels, 
of its natural ſixe. 


a Its figure on the upper part, where it is 
pretty flat. 

5 Its figure on the lower part, where it is 
ſomewhat ſharp, with a diviſion in the mid- 
dle, that gives it in ſome meaſure the re- 
ſemblance of a heart. 


7 * „ «© 
* ® 
v*S> 


Ixiii 
" FIG. X. 
v4 * . 
The genmtralt of the female of their natural ſixe. 


4 The ſtraight gut. 

6 The duct of the organ ſerving to preſs out 
the ink. 

c The ink-bag itſelf. 

d d The ovary. 

e The duct by which the eggs are diſcharged, 

F Three eggs. gg Two glandular bodies. 

5A peculiar part containing a reddiſh humour, 

11 The gills in their natural ſituation. 


T AB. LIII. 
The ſeeds of the Fern. 
. 
Part of a Fern leaf, with its tubercles. 


a a An indented or jagged leaf of the Male 
Fern of Dodoneus, reſembling the feather 
of a bird. 

b b Tubercles of a Fern leaf compoſed of ſome 
leaves, and a great many little pods which 
contain the real ſeed of the plant. 


1 
Five of the ſame kind of pods. of their natural 


ſize, and viewed different ways. 


ccc Three pods with ſingle ſtalks, 

4 One with a double Stalk. 

eee The place where the ſtalk ſurrounds or 
girds the pod, as it were like a twiſted cord 
in form of a crown, 


ff The manner in which the pod ſwells beyond 


the ſaid twiſted cord on each fide of it. 

g A pod placed in the center of the ſurround- 
ing cord; as likewiſe the place where the 

pod firſt 5 to open. 

h h The cord reduced to a 
ſome elaſtic power. 

1111 The pod burſt in two, fo that the parts 
now conſidered in themſelves form as it were 
four hollow cups. 

The membrane of the pod broke open, and 
turned back upon the coronal cord of the 
ſtalk that ſurrounded the pod, ſo as to af- 
ford a view of the encloſed ſeeds in their 
natural ſituation. But it is by great chance 
that a pod opened in this regular manner can 
be met with. 


F168. I. 
The ſeed. 


Five out of forty-one ſeeds, that I found in 
one pod, magnified to a very great degree. 


ſtraight line by 


The END of the Explanation of the TABLES, 
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P. II. fignifies Part the Second. 


A. 


C ARI, or Mites, referred to the firſt order. 
Fests: Cauſe rottenneſs in cheeſe, and * 
With what a eee and in what manner they leap up, and 
how they diſpoſe themſelves for that purpoſe. P. II 


| 64, 65 
Their change to the Nymph-ſtate haſtened, by depri- 
ving them of their food. P. II. 


7I 
An anatomical deſcription of their external and internal 


rts. P. II. 63 65 to 68 
Their changes conſtant and not liable to chance. P. II. 
75. of a | 5s conſtitution. P. II. 64. The Flies 
which are producued from them. P. II. 72. They lay 
their eggs in cheeſe. P. II. {4 75. How they get 
into the cheeſe. P. II. 68. hat they do when fut 

roduced. P. II. ; 72 7 
n what manner their wings are expanded. ibid. 
Of their ſingular manner of copulating and other parti- 


culars. P. II. 73 74 
The female. P. II. 73. Its vulva and other parts. P. ir 


| 4 
The male, its external parts. P. II. 72, 73. Tefticles, 
ſemen. Cc. P. II. 73, 74. The Vermiform Nymph of 
the Acarus referred to the fourth order of changes, P. II. 
55 Why ſo called? P. II. 71. Not an ge. ibid. 
what time it arrives at its maturity. P. II. 72. how 

it is changed to a Fly. Part II. 73, 74. Its external 

arts examined. ib. 

AIR, more neceſlary to the ſupport of inſects than to large 
animals 137. 
Air, the temperature of it, how much it contributes 
to the change of Worms and Butterflies into winged 
inſects 173 

ALDER-LEAVES, Worms found in them. A Chry- 
ſalis and Butterfly found in one of them. P. II. 87, 88 

AN ANIMAL hid in animal, P. II. 24. The life of 
the one the death of the other. 18 
Animals and vegetables changed in the ſame manner. 9 
Animals, the Kin and membranes of them nothing 
more than 4 Cumplication of veſſels of the ſame kind. 145 
The diviſion of them into perfect and imperfect raſh. 1 
Their generation does not ariſe from putrefaction, or 
chance, but from the conſtant order of nature P. II. 69 
Their dead bodies ſoon deſtroyed by Flies. P. II. 227 


Their cage impregnated by the ſubtile parts of the ſeed 


of the male. | P. II. 222 
Their membranaceous parts ſeem to be nothing but 
blood veſſels conſolidated. P. I. 72 
The largeſt, as well as the ſmalleſt, produced from 
very minute eggs. 23 
The finalleſt excel the largeſt, and why ? I 
Compared together. 


* 
The accretion of the limbs of ſanguiferous animals the 


ſame as in inſeQs. 9 
Their generation agrees with the four orders of changes 
of inſects. 19 
ANTS belong to the third order. 122 
Why it does not grow to the largeſt bulk. I 
The ſmalleſt excel the largeſt animals, why ? 2 
Perfect and full grown 128 


animals. 


&c. Their various external changes. 127 
Their wonderful induſtry in bringing up their young. 
| 129, 130 


Their firſt rudiments not leſs than thoſe of the largeſt 
| I 
Their flow increaſe and change, exactly deſcribed. 126, 


The female how it differs from the other Ants. 129, 130 
The males how they differ from the other ſpecies of 
Ants 3 122, 129 
Subject to the ſame fate with Bees. 191 
More mild than the female and working Ants 201 
The office of the males. 


129 
The labouring Ants of neither ſex. — 
4 deſcribed. 12 
The 


ph, 126, exactly repreſents the future Ant, 
3, 4. Why the Nymph of the Ant agrees better with 
the Ant than other Nymphs with their proper inſets, 4 
How it differs from the Ant itſelf, ib. 3 * particu- 
lars of the Nymph. 126, 127 
Various ſpecies of Ants 130 
One from the Eaſt-Indies | 131 
A large one brought from the Cape of Good Hope 130 
Common ones found in Holland. 1b. 
Five others. ib. 
A ſixth. 131 
AUTHOR, his Complaint againſt Caſparus Bartholinus, 


F 
ASELLUS, or WOOD-LOUSE, referred to the tet. 


order of changes. 27 
Their ſloughs produce a fermentation with acids, there- 


fore contain an alkaline ſalt, and may be uſeful in phy- 
ſic. Several ſpecies of them preſerved by 12 
author. 2 
One of them, from Iceland, deſcribed, il 
AURELIA. See Chryſalis. 
B 


PALSAMITA ALTERIA, of Fabius Columna, 4 
a plant which, on being touched, contracts, and its 
s burſt. P. II. 129 
BLAT TA, byzantine, what? 43. Of Mouffet, 95 
BEES, belong to the third order of changes, 109. Make 
a noiſe with their wings when they fly, 167, 217 Whe- 
ther they can hear and ſmell, unknown, 214, 215. Their 
being produced from dead carcaſes fabulous, 228. Out- 
live the winter, but become motionleſs, P. II. 183. 
Foreknow the inſtant of the female or queens breakin 
through the cell to come forth, 187. Can ſee in the 
dark, 171. Can diſgorge their honey, 173. Which it 
ſeems they prepare, and do not collect it, 26. From the 


hexogonal form of their eyes their cells are wrongly in- 


ferred to be the ſame, 211. They act not from judg- 
ment but impulſe, 170. What time of the year they 
breed, 160. Sometimes they bring, wax' to 
their hives, but it is probably {lole, 162. The wax is 
never found ſticking to their legs, 208. In what part 


they carry it, 168. In what manner they ſee, 171 208 


In what order they live in the winter, 160. man- 
ner of their ſuction, 194. Compared to cruſtaceous 


animals, 192. Their love to the males changed to ha- 


tred, 167. Their eagerneſs in collecting honey and 
wax, 161. The number found in one hive, 160, 232. 
Their care in defending the mouth of it, their habita- 
tion, 164. Other particulars, 170, 188, 216. 
Parts common to each ſpecies, 168. Peculiar parti, 
169. Its appearance when opened on the back, 7105. 
Of its ſting, 184, 185, 199, 200. The ſhanks and 
ſheath of the ſting, 184, 185, 199, 200. Its crooked 
claws, 199. Its wings, of their hairs and nerves, and the 
muſcles moving them, 217. Of the brain, 214. The 
legs, 167. Ihe gullet, ſtomach, and other parts, 196. 
e ſpinal marrow, ib. 214. Muſcles, 193. Of the 
* 198. Muſcles moving the wings and legs, we 
f 


. 
* 9 
——— — 


5 4 
7 
a F. * 4 * - 
* 13 E — 4 
3 ” | 1 * f 9 b 


Of the horns, and their uſe, 216. Their five eyes, 
two large and two leſs, Of the male ang female, 
how they differ, 215. The external figure of he larger 
eyes, 210. Their wanſverſe fibres, 213. Fyramidal 
and inverted, 212, 213. The tunica cornea, 210. 
Other iculars of it, 211, 214. The uvea 212. 
The leſs eyes 214. Fairs like feathers 168, 216. 
Fat 195. The ſcis or trunk, its orifices not lar- 
r than thoſe of meſeraic veins or laReals. 163 
lungs 195- The thorax and other parts 217 

tubes 204. A Bees-hive, their common ha- 

bitation, properly ſupplied, 160. One that produced 

thirty ſwarms in _—_ _ One in which different 
160. 


kinds of cells were fo Another with the num- 
— its cells, &c. 8 2 
s, not always ar eq r 
S. 180, 187. 
Thoſe of the females moſt irregular. 164 
Of their conſtruction. 165 


'Fhoſe of the males not always of the fame number. 165 


Thoſe of the working Bees, how conſtructed. 163 


Swarms of Bees, how to increaſe them. I 90 
Bee bread, from which the wax is made. 161 
Experiments on it. th, 
Further particulars of it. 161, 162, 208 


Poiſon of the Bee 166. Further particulars of it 200, 
4 201, 205, 208 
Of the Female or queen Bee. 169, 201 
Three hundred oviducts in the ovary of one Bee, con- 
taining 5100 eggs, probably ten or twelve thouſand 
Be in one female. 203, 205 
urther particulars of the female and its eggs. 169, 
G 187, 188, 203, 234 
A female diſſected 201. The ſting 175, 205, 207 


Abdominal rings, and their muſcles 202 
The heart, with its parts. 201, 202 
Horns of the uterus 204. Pulmonary tubes 202 
The ſtraight gut 205, 207. Spinal marrow 204 
Ovary, and its parts 202, 205, 207 
Ops viewed by the microſcope. 171 
er particulars of them. 172, 204 
Fat. 202. | Anus. 201 
Bag, containing a glutinous matter. 204, 205 
The ſting and poiſon of the female, how they differ 
from thole of the working Bee: 205, 206 
Further particulars of them. 205, 206, 208 
Why two females cannot agree in one hive 188 
Males have no ſting. 201 


Further particulars of them. 165, 166, 187, 513 
Their fate. 191. The length of their lives ſeems to be 


about ſix or eight weeks. 229 
Contents of the abdomen. 217 
_— marrow, &c. 223 
nital organs, 218, 219, 221 
Penis. 228, 220, 221 
Teſticles, and teminal veiſels. 218 
Common or working Bees, 169, 188, 97, aol 
I. 2 


Their office 190 
Further particulars of them. 169, 170, 188, 192 
Of their heads, teeth, eyes, proboſcis. 192, 194, 195 

81 


The Nymph, what? I 
Further particulars of it. 8, 180, 184, 185 
External parts of the Nymph. 18 3 
Pulmonary pipes. 18 


Nymphs, why reckoned amongſt Chryſallides by Har- 


. 4 
The worm of a Bee changed into a Nymph, by the 
8388888 icroſ : 

m microſcope. 174 
Further particulars of their Worms. 172, 173, 174 


3 178, 135 
The Worm deſcribed before its change. 182 


Its diſſection. 175 to 70 
Other parts of it deſcribed. 179, 181 
Different ſizes of them. 174 
Amphibious Bees of Aldrovandus. 96 
Build their neſts with little ſtones. 226 
The Humble Bees build theirs in the ſame manner. 230 
Wild Bees, belong to the third order. 121 


Humble Bees, referred to the third order of changes. 
a4 


Live ſolitarily. 209. Deſcribed. 63, 230, 231 
Further parti 


Wild „ fo called by Jakinſon. 96 
Various ſpecies of them. | „ 121 
The Bees called Drones, their genital parts diſtindiy 
ſeen. 19 
2 Manſuetæ, of Goedaert, belongs to the third — 
er. 121 
Is * 5 4 — — 
The — 2 — belong to the third 
order. | 121 
The Sea Bee, of Piſo, what? 96 
BEETLES, belong to the third order. 123 
The manner of their making a noiſe. 125, 217 
The different kinds of — may be diſtinguiſhed by 
their horns. 123 
Their Worms contain other Worms. P. II. 71 
Various _ of them. | -123 
The ſtinging Beetle. 725 
Beetles produced from Worms that live in 8 d. 
11. 101 
The Fullo Beetle. P. II. 102 
An Indian Beetle. 7 I 


Some produced from Worms which feed upon Fleſh. 
Some produccd from a Worm that eats the roots of 


— | 125 
rom Worms of the Sallow tree. - 
Others produced from Worms found in the leaves of 
Willows. P. H. 83, %4 
The Rhinoceros Beetle. 146, and following pages. 
The female has no horn. 132 
Its parts deſcribed. 150, 151, 203 
Its Nymph. See Coſſus its Nymph. 

Different ſpecies of Beetles. 123 
Five different exotic Rhinoccros Beetles. 152 
The common dunghill Beetle, referred to the third or- 
der of changes, . 125 
Some that have horns with knobs at the top of them. 124 
Some produced from Worms like Cochineal. 182 
The Sonicephalus, or noiſy-head Beetle. 125 
The Tortoiſe Beetle. 


Beetles produced from Worms found in Thiſtles. P. IT: 96 
Others produced from Worms found upon the leaves of 


Lilies. ih. 
Beetle, called the Flying Bull, or Stag. 124 
Water Beetles. 126 
Its general parts. 123 
BLOOD-VESSELS, manner of injecting them. 177 
Blood, if it conſiſts of globules in the veſſels. 31 
BONES, how diſpoſed in animals. 6r, 62 
BREEZE FLY, belongs to the fourth order of —_—_ 
I. 34 
Provided with a trunk and ſting to ſuck honey or 
blood. 156. 
Formerly miſtaken by this Author for the Aſilus, or 
Gadfly. P. 1k 4 
BUGS, referred to the firſt order of changes. 2 
BUTTERFLY, how produced from the Chryſalis. 6 
How it ſucks with its trunk. 194 
All its limbs ſhewn in the Butterfly, by the Author. 
16 


9, 
The manner of diſcovering the limbs of the Butterfly in 
| 28 


the Chryſalis. 
The expanſion of its wings more wonderful than that 


of any other Nymph. 18 
The wm of * wings. P. II. 8 
Why produced deformed. P. II. 
Various ſpecies of them. | P.IL 2 
Day Butterflies belong to the ſecond order of 5 2 
1 


Further particulars of them. P. II. 19, 20, and fol- 


lowi 


pages. 
The Female, its oviduRt, and other parts. P. II. 23, 24 


The male, its genital parts. P. IL 22, 23 
Of its Chryſalis. P. II. 15, 16, 17, 18, 19 
Oft its Caterpillar. P. II. 9, and following. 


The diurnal or day Butterſiy, breed on Cabbage- leaves. 
P. H. 25, 26, and following pages. 

Its Chryſalis deſcribed. NR 26 
Its Caterpillar. P. . 25% 3 
Butterflies, nocturnal, or Moths belonging to the ſe- 


cond mode of the third order of changes. P. Il. 4 
Further 


EN DG EX. 


| urther particulars. 2 y P. II. 75 8 
their eggs, and how they faſten them to the bran · 

hes of trees. | ; 166 
arious ſpecies of Butterflies, of their — and 

| Of their Worms. P. II. 45 
A ſecond ſpecies. 54 P. II. 100 
A third. 15 


Of their generation, change, eggs, Caterpillar, web, 
P. H. 
Different ſpecies of them, 142. P. N. 
BUPRES TES, a ſpecies of Beetle. | 


BYSSUS, what it is. 64 
35 " 


(CABBAGE LEAVES, footleſs Worms * in Hom. 
CHAMELION, the manner of its extending its — 
| 180 
The ſpleen, or organs of hearing, obſerved in it by 
the Author. | | 

The latter opens into its mouth. 
CALVES lick themſelves in the uterus. a 140 

The contents of their inteſtines mixed with hairs. 186 
CANCELLUS MARINUS, or Hermit fiſh, briefly de- 

deſcribed. 66 

Its external parts, 86, and following pages. 

Its internal parts, 8g, and following pages. 

Various ſpecies of it. 87 
CANTHARIS, or the golden Beetle, its Worm. P. II. 82 
Various ſpecies of it. 125 
CIVET, how to know if it is good. 163 
CATERPILLARS, are not changed into Nymphs, but 

become ſuch by on accretion of their limbs, 

Cannot be changed before they have arrived at their full 

I 


rowth. 15 
| Thee particulars concerning them. 16, 13 P. 

I, 8, 9, 70 

A variety of Caterpillars. P. it 3 

Difference between them and Chryſallides. P. II. 14 


Other obſervations upon them. P. II. 8, 35, 56 
Of the Caterpillar that feeds upon Cabbage-leaves, 


To. ds... Þ 
A Caterpillar of the Bindweed kind. P. II. 77, 78 
Belongs to the third order of changes. the F Y pro- 
duced from it. | F. IL. 78 
The Brazil wood- eating Caterpillar, whoſe female has 
no wings. P. II. 5. Its wonderful neſt. P. II. 9 
The Caterpillars of Butterflies often contain in them 
Worms, which change to common Flies. P. II. 71 
Many that feed on Nettles, afterwards become diurnal 
Butterflies. P. Ih 1 
CHANGES, four orders of them, which agree with the 
accretion or increaſe of ſanguiferous animals. and of 
plants. 19 
288 together. P. I. 31 
See Order. | 
CHRYSALIS, why fo called. P. II. 16. It neither is 
an egg, nor generates like an egg. 11, Exhibits all the 
rts of the future inſect as plain as the infect itſelf. 3. 
Lianifies only a particular quality of the Nag 3: 8 
no more than a gold- coloured Nymph. 4. e differ- 
ence between it and the Nymph merely accidental. 
3, 7, 8. This difference conſiſts mw in its having a 
thicker and harder ſkin than the Nymph, and in its not 
ſhewing externally ſo diſtinctly the limbs of the future 
Inſet. 8. The reaſon of this want of diſtinctneſs. 6. 
There is no internal difference between the Chryſalis 
and the Nymph, and why ? 6. Internally it exhibits 
like the Nymph all the parts of the future inſect. 4, 5. 
and is in reality the future inſect itſelf. 4. How it 
changes to a Butterfly. P. II. 8 
The words Chryſalis and Nymph ſignify, and are are in 
reality, the ſame thing. 
The Chryſalis and Nymph, compared. P. II. 7. The 
difference between them. ib. Hard to be accounted for 
0 In what manner its limbs are * P. I. 7. 
hy its limbs cannot be fo eaſily diſtinguiſhed. 5. 
Its coat or ſkin of an unequal thickneſs. 5, 8. From 
whence proceeds its gold colour. 6. Its ſize, naked- 


215 


harder than the Nymph's. 7. The hardnef of 
ſkin not accidental. D at | | 
on its 


ſrom it. | Wir 2 20 * 4 
— found within the leaves of the Alder, and i 


u . A P. II. 87, 88 
CLOVE-JULY-FLOWER, its changes c with 
thoſe of Inſects. 5 50 II. 132 
A deſcription of it. P. II. 132, 133 


COMBS, or the cells of Bees, are made of wax, and 
filled with honey. 163 


r how made uſe of in catching of 
, a = 

CORALS, how they grow. a 8 
COCHINEAL, obſervations on it. 182 


CONU AMONIS, deſcribed. 5657 
COSSUS, the Worm from which the Beetle is produced, 
deſcribed. 133, and following pages. | 


Its Nymph, deſcribed. 140, 141 
Further deſcribed. 142, 144, — 
COCK, how he makes the Hen prolific. 222 


COLD protracts, and heat haſtens, the changes of In- 
ſects. | I73 
CROCODILE, has a Cat's eye. I41 
CRICKETS, and Mole Crickets, how they make a 
noiſe, 217 
Referred to the ſecond order. ib. and 
CUTTLE-FISH, ſmall parts found in them, 38 
Deſcribed at large. P. II. 139, and following pages. 


D 
DAY LY. Sec Ephemerus. 
DEVORATUR of Goedaert, what ? 122 
DIAPHRAGM, an experiment on it. I22 


DIARIA. See Ephemerus. 

DOG-ROSE, Worms found in its excreſcences. P. II. 

DRONE, the Bee called fo, what? 1 

DRAGON-FLY, called by different Authors Orſodæna, 
Libella, Mordella, Perla, which ſee. 

DUCEK-WEED, its root contains air, and it receives its 
nouriſhment through the pores of its root. P.II, 148 

DRAKE, tne particular conſtruction of its penis. P. II. 73 


E 
EAR- WIG, belongs to the ſecond order of changes. 97 
Can hide very large wings in a ſmall ſheath. 114 
FEAR TH-WOBRMS, bavo ane inteſtine in EY” 
* 
The Egg is the real inſect, but ſurrounded with a tin? 
3 with a hard ſhell. 1 


EGGS ſupplied with an extraneous nouriſhment. 101, 185 
This illuſtrated by the motion of eggs in women. P. II. 


I 
Not broken in the ſame manner in all inſets, P. II. 9 
Their various conſtruction in different creatures. 202 
EMBRYO, very little difference between the ſmall guts, 
colon, and ſtraight gut of the human embryo. P. II. 


118 

EPHEMERUS, belongs te the ſecond order of chan- 
es. Ws 
Called Mut by the Dutch. | 2. 
By. no means produced by a Chryſalis, as Clutius af- 
8. ib. 

By what Authors deſcribed. 10g, 104 


At what time of the year, day, and hour, it begins to 
* | | 114 
ere, and how long, it flies, and how ſoon it dies. 


3 | 10 
Obſerved to continue flying for the ſpace of three, on 
ſometimes four, and even Fre days. HPF 117 


In what manner it is ſupported in its flight on che ſur- 

face of the water. ee 11 

Does not eat during its appearance in the Fly form. 2 17 
ow 


A 2 


- 
go 2 * a * 
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: 


The manner of obtaining a ſight of them. © 115 
1 
I 


How long it lives. way, 
Naturally never dies aſhoreeG . 
Its life is very ſhort, but full of miſery and diſtreſs, and 
why. ib. and following. ee 
Does not engender either in the boſom of the water, 


*aſhore, or in the air. be, 116, 117 
Where, and in what manner, it g 20%, 
: $00 5 116, 117 


Ephemeri, male and female, their external differ- 
The male changes its ſkin twice, the female but once. #6. 
The female ejaculates its eggs on the ſurface of the 
water. 103, 116 
. Theſe eggs, when impregnated, fall to the bottom, and 
in what manner. | 104 
They afterwards produce ſtx-legged Worms. th, 
The male impregnates the eggs ſhed by the female on 
the ſurface of the water, by pouring its ſeed upon 
them. 
Various ſpecies of this inſect. 

The Author has ſome of them in his collection. 96 


.Ephemerus, of Hoefnagel. 118 
The ſmaller. 118, 119 
Ephemerus has no Nymph. 113 
Its Worms, what places they haunt. 104, 105 
To what order of neutral changes they belong. 11 
Why called Bank bait and Flying bait. I 
Follow the increaſe aud decreaſe of rivers, and why. 105 
The tameſt of all inſects. 108 


Of a very flow growth. 104 
Grow for three years before they change, and acquire a 


form that is not to laſt above five hours. 10b, 134 
Are very vigorous. 106 
How they may be kept alive, and ſent abroad. ib. 
In what manner they ſhed their ſloughs. 96 
Colour of the Worms, and its flow change. 107, 109 
Their manner of ſwimming. 104 


Feed upon mud. 105, 106, 109 
Their tubes, and in what manner they form them. 105 


Directions for diſſecting them. 109 
Their internal parts. 108 
Rings. 106 
Gills. 107. Their wonderful motion. 108 


The head, with its parts; the eyes, horns, pincers, or 
jaw-bones; thorax, and its parts; lego. 106, 107 
Its little tails. ib. 
Folliculi, or little ſheaths, of the firſt pair of wings, 
and the ſecond pair. ib. 
Its rowing fins. 111 
Its internal parts, deſcribed. 108, and following. 

Its heart. 111 
Its pulmonary tubes; their main trunks; their diſtribu- 
tion, conſtruction, colour, change of ſkin, external 
orifices. 109, III 


The manner of examining them. 110, 111 
The Woruis of the Ephenu ue, hich lucftiuco, finall 


gut, colon, and ſtraight gut; the valves, ſituation, and 


pulmonary tubes, belonging to theſe parts. 109 
The ſpinal marrow. 111. Its air ducts. 112 
The manner of finding it out. ib. 


The membrana adipoſa, and fat. 109 
Muſcles of the abdomen, and of the ſtraight gut, ib. 
Optic, and other nerves, 111 
Eyes, their conſtruction with the nature of the inſect's 


viſion. 115 
Oeſophagus or gullet. 109 
Peritoneum. ib. 
Blood watry. ib. 
Stomach, and its ſituation, and pulmonary tubes. ib. 
Their change very ſudden. 114 
General and particular ſigns of their near mutation. 
112, 113 
They become tranſparent when about to change, and 
why ? I 
Hat employed at that period. 113, 114 
Obſtacles to their change, life and growth. I13 


How their mutation may be kept back, at the time they 
are juſt about to perform it. 114 
The change of their wings, and how theſe parts can ex- 


pand themſelves ſo ſuddenly. ib. 
f their tails, hurns, eyes, and feet. 115 
In what the other changes differ. 114 


„ 


Their employment after their firſt mutatlon. 114, 1 
In what places they caſt their ſecond ſkin, and what p 
they loſe on that vecaſion. * wum 
Their employment after their ſecond mutation. 11 


The external difference between the male and female. 10 
The internal parts of the female. i 10 
Its ovary. £13, * It eggs. ib. NT 
The male diſtinguiſhable dy the largenefs of his eyes. 1 
His internal parts. 10 
Organs of generation. 112. Seed ib. 2 
Worms of the Ephemerus, of various kinds, differing 


in ſize according to their different ages. 18 
ESC a, or bait, tu Ha it is. 2 18 
EYES, of inſects, do not conſiſt of a congeries of little 

—_ each of which like ours. 211 

e eyes of many inſects are beſet with hairs. 212 


© The colour of them is various in different creatures, and 
why ? So» 


F 


FAT, of large animals, when viewed by the microſcope, 


how it appears. 137 
Of a man and beaſt conſiſts of ſmall grains. 162 
The manner of examining it. ib. 
FEMALES, of inſects, their bodies larger than thoſe of 
the males, and why ? 151 


FERN, the male, deſcribed. P. II. 118, 151, 152, 153 
FISHES, hear, and have the Iabyrinth of their ear won- 
derfully formed for that purpoſe. | 
Found on the tops of mountains, and other places 


How they came there. 103 
Do not copulate. „II. 133 
Are fecundated by being ſprinkled with the ſperm ot 
the male. P. II. 221 
Their gills wonderfully conſtructed, _— red blood. 

. II. 
FLYING HOGS, Beetles fo called. : 25 


FLEA, produced from a nit, in which it changes to a — 
colour. 


26 
A Flea found in ciſterns of water, deſcribed by Goe- 


dart, · by the name of the water Louſe. ih. 
Produced perfect from the egg. 40 
In what places found i 


— a little bubble of water in its tail when it 
ives 
The water aboreſcent Flea deſcribed 840 
and followin | 
FLIES, belong to the third order of mutations. 122 
Are not produced by putrified fleſh, but by eggs and 
worms depoſited in it. P. Jig 35 


Many of them iſſue from a ſingle Chryſalis or Nymph. 


; 122, 123 
Sometimes Soy iflue from the little nets in which Spi- 
der> wrap up thei: S gs. 24 
How they buzz in flying. 21 


Some of them, on quitting the Nymph ſtate, are mu 
larger than they were before. 183 
Some of them have four wings. 231. which are produ- 
ced from Nymphs formed within the Aurelia. P. II. 
The manner in which they bury their eggs in the leaves 
of the Thiſtle, ſeen by the Author. II. 
The Author informed that Flies bury their eggs in the 
bodies of Caterpillars, whoſe ſkins they pierce for that 
= yr P. II. 69 
lies, how they differ from Bees. 231 
Their heads bruiſed on paper leave a red ſtain, produced 
by the uvea. | | 212 
heir Nymphs plainly exhibit the future inſect. 3 
Why, and how far the Nymphs of Flies differ from the 
Nymphs themſelves, from other inſets, and their 


Nymph. 4, 5 
FLY aquatic, belongs to the ſecond order, gb 
Carnivrous, called Czfar. 122 
Chryſopis. ib. 
Horſe, belong to the fourth order of mutations. 628 
Florilega, black. 122 


Goedaert's, ſprung from Worms that feed on the body of 
Cabbage-Caterpillars, belongs to the fourth order of 
mutations, and why. 
Sprung from the 
bages. 


| P. II. „ 2$ 
orm without feet found 2 25 


P. II. 98, 99 


PT DL x 


Bog-hduſe Fly, of Goedart, belongs to the fourth ordet 
- | 


changes. P. II. 34 
Common, the ſame with Goedart's Bee. 212 
Newly born, and its gu: P. II. 39, 4r 
Common Bog-houſe Fly, its eye compared with that of 
the common Be. 215 
Covered with hair 212 
Sprung from a Vermiform Nymph P. II. 41 


Its eggs, the egg-ſhell, conſtruction, and perfractio. 

| P. II. 38, 39, 40 
Its Vermiform Nymph, and the real Nymph therein 
contained, deſcribed ih. 
Worm. See Bog-houſe Worm. . 
Another ſpecies, its Worm and Vermiform Nymph, 
P. II. 41, by other Authors prepoſterouſly A 


es 42 
Three haired Fly, a ſpecies of baſtard Waſp 231 
Three briſtled hair Fly, of Mouffet 122 
One briſtled, of Mouffet th, 
A ſpecies of baſtard Waſp ED 231 
Common, ſprung from a Worm bred within a Chry- 
ſalis. .. 
Common Flies, ſpecies of them 122 


Two ſpecies, bred in the ſpunge of the 1 

ö 52 
Flies produced from Worms like Moths P. II. 58 
A great number of them ſprung from the Chryſalis of a 
Worm reſembling a Moth 8 ib. 
Iſſuing from the tubercles of the Stinging- Nettle P. II. go 
Bred within the downy excreſcencies of Oaks. P. II. gr 
Ifluing from the tubercles of Oak-Jeaves; the manner 
in which they make their way out. P. II. 47, 48 
Iſſuing from the tubes of the black Poplar. P. II. 54, 55 
Produced irom Worms that live between the freſh-bud- 
ded leaves of the Willow - P. II. 43 
Bred within the roſe of the Willow n ad 
Fly of theWillow-leaf, its tubercles deſcribed. P.II. 36 
Male and female ; the latter's inſtrument for boring the 
leaves; and her eggs And the genitals of the 
former. ih, 
The female, how it buries its eggs within oo I0wey 

1 
Web left by it; different ſeaſons of hatching. P. II. 36 
Flies, ſmall uncommon ones 122 
Great number of Flies iſſuing from a ſingle Nymph of 
the Cabbage-Worm. 1b, 
Bog-houſe. See Bog-houſe Fly. 


Wolf Fly. 122 
Reſembling, a Butterfly. tb, 
Scorpion. ib, 

FCETUS, the humour in which it ſwims in the womb 
ſerves it as food 140 
Receives its nouriſhment by the mouth 186 
FROG, has the ſenſe of hearing 50 


Is not after, its change from a "Tadpole, fit for jms. 
tion under two or three years. P- . 104 
Its egg and generation like that of the Nymphs of in- 


ſects 19 
Compared with inſects p- II. 119. 
Further obſervations on it. p. II. 119, and following 
Deſcribed at large p- II. 105 to 132 
Of the female p. II. 106, 108 
Of its ovary and eggs. x06, 108, 111, 112 
Of the male p. II. 110 
Its Nymph p. II. 103 
A cloven- footed Indian Frog. N 131 
FORFICULA AQUATICA, of Johnſon, is the Nymph 
of the Mordella, or Dragon Fly. 93 


G 


GGADELY, formerly deſcribed by the Author under the 
name of the Tabanus, or Breeze-fly. P. II. 43 
Proceeds from a Worm, called by Aldrovandus the wa- 


ter-worm, or inteſtine. P. II. 34 
The manner of killing it, in order 1 


Further deſcribed. P. II. 44, and following Pei. 
The female larger than the male. 1 
Its internal parts. P. m. 62 


The male deſcribed. P. H. 59, 60, 6r; 64 
Its Vermiform Nymph belongs to the fourth order of 
changes. P. H. 36 
Further deſeribed. P. II. 54, 56, 57 
The wonderful changes of its Nymph. P. fl. 57 
Its external parts. P. II. 52, and following pages. 

The ſpinal marrow, nerves, and other parts of a full- 
rown one P. II. 52, 55, and following pages 
ther particulars ”: It 48, 52 

Its figure, and diviſion of its body P. II. 44, and 

following. y 

GALLY-WORM, reckoned among the Scolopendra 28 
GENERATION, not true, in the whole nature of things, 
but only a continuance of it 16 


GILLS, in fiſhes, anſwer the purpoſe of the lungs in other 


animals 27 
Of the conſtruction of them x; . © WWE 
GOD, his omnipotence diſplayed in the human Louſe 30 
GOEDAERT, ſome of his errors refuted I4 
GLOW-WORM, belongs to the third order of chan- 
go 123 
GNA T, belongs to the third order of changes 122 
Deſcribed 15 
Of the female 15 
Of the male, and its parts 156, 157 
The Nymph 154, 155 
Its Worm, deſcribed 153, 154 
The large Gnat of Aldrovandus, what? 123 
GRASSHOPPER, belongs to the ſecond order of chan- 
$ 
The males only make a ſinging noiſe, and how ? = 
Its Nymph 
The W 


93 
ater Graſshopper, or Cicada 1 of Ron- 
deletius, is the Nymph of the Dragon-Fly 93 
GRUB, of Molucca | 94 


H 


THE HAF T, of Rotterdam, what? o6 
HERVEY, his opinion, of the Nymph of Bees 
— Of Chryſallides, and of the nature of the Au- 
relia, refuted 53 
HAZEL NUTS, Worms without feet found in them. 


P. II. 8 
HERMIT-FISH. See Cancellus 
HONEY, not collected entirely ſuch by the Bees, but 


repared by them 161 
he falival or diſcharged Honey, what? 173 
Virgin-honey, what 166 
HORNETS, belong to third order of changes 122 
Build their habitations in the bark of trees 201 
Many females in their neſt 7 — 
Their ſpecies deſcribed 188 

Further deſcription. of them. rag. and following pages 
Their ſtrength and fierceneſs 195, 201, 20g 
The female only has a ſting 201 
Of the males 190, 201, 221 
The Nymph 144. Its Worms 140 
Of its excrements and aliment 410 

1 

JNDIAN INK, ſeems to be a juice taken from the 
Cuttle-fiſh. P. II. 145 


INSECTS why called, tho' prepoſterouſly, exanguinous 
animals by naturaliſts. 50 
Not produced by putrefaction, but rather pro- 
ducing it, 16, 186, 187. P. II. 68, 70, 71, 73 


1, 79. 

| Ai of them ſpring originally from eggs. I 
Some come perfect from the egg, others imperfect. il. 
Some paſs the winter in their eggs. I 
While in their eggs, may be confidered as Nymphs. 16 
Some of them leave their eggs in the ſame manner, and 
by the ſame power, that others quit the Nymph-ſtate ib. 
Almoſt all of them faſten their eggs in certain places. 170 
Sometimes caſt all their ſkins, Lefore they arrive at ma- 
turity, and are fit for generation. 17 18 
And never grow after their laſt mutation. 173 
Are perfect in their kinds from the firſt inſtant of their 
. 89888 P.M 20 
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Immediately on quitting the Nymph-ſtate, ſhed ſome 
drops of blood. 39 40 
As ſoon as they arrive at maturity, betake themſelves 
to the buſineſs of generation, and moſt of them die as 


ſoon as it is finiſhed. 18 
Some of them ſcarce outlive it a quarter of an hour. ib. 
Some of them do not copulate. | 133 
Some of them make themſelves nets of filaments that 
row hard under water. 66. P, II. 102 
Many grow ſtiff in winter time, and paſs that ſeaſon 
without any nouriſhment. 172 
And loſe all motion by the cold condenſing their 
humours P. 131 


In how many different ways they ſurvive that ſeaſon. 13 
Some that outlive it, become ſtiff, but recover their! 


motion by being juſt warmed. 133 134 
Some of them live the winter in a warm ſtate, and 
in what manner. 1 


Others in the Nymph-ſtate, and in what manner. ib. 
On what account, and in what manner they are every 


where ſo ſpeedily engendered in water. 96 
In what manner they preſently get into the ſmalleſt 
collections of that element. 103 
Why thoſe of the ſame kind are found every where of 
the ſame ſize. 128 
Some of them may be killed for diſſection, by the fumes 
of burning brimſtone. 52 
Method of preſerving them, without impairing their 
colours. 99 
The author has three thouſand of them in his muſæum, 
of his own gathering. 229 
All ſpecies of iniects in all their changes agree uni- 
verſally together, as to the Nymph-ſtate. 17 
Their different * of feeding. a 142 
Of rearing their offspring. 122, 133, 134 


Difference in their ſtings and proboſcis. 122, 156 
In their length of lite, and the reaſons of the ſaid 
difference. 229 P. II. 
The numerous collection of them made by the au- 
thor. 134 
The males only are furniſhed with organs proper for 
making a noiſe. 21 
And are always more beautiful than the female. P. II. 
IOI 
Privileges of ſome of the males above the 
4 
Their generation no way different from that of blood 
animals. P. II. ö 104 
It is even ſo conſpicuous, that it may ſerve to illuſtrate 
that of other animals. 15 
The fortuitous generation of inſects exploded. 13 
Their generation from Nymphs, compared with the egg 
and generation of Frogs, and the encreaſe of plants. 19 
Their mutation reſembles the budding of plants. , 10 
Prepoſterouſl called transformation. metamorphoſis, 
death and reſurrection. 9, 13 
Does not differ from the accretion of limbs in blood 
animals * 
How far it differs from the reſurrection of the dead, 
and what it has in common with it. ib. 
The true foundation of the change. 2, 13 
MUSCLES of inſets, their ſtructure like that of blood 


animals. 123 
Their condition, before they have exerciſed any of 
their offices. 129 
Their condition when firſt they move. ib. 130 


EGGS of inſects, what a great variety of them. P. II. 39 
All belong to the third order of mutations. P. II. 33, 34 
Ought rather to be called oviform Nymphs. 18 
Covered with a hard ſhell. 133 
Manner of procuring them. L 


iD. 
BONES of inſects, how much they differ from thoſe of 


blood animals 123 
How it appears that the parts of inſets taken for their 
eyes, are really ſuch. 216 
Internal parts of inſets changed, along with their ex- 
8 form. P. II. 22 

eir viſion, how performed ; differs from ours, and is 

rformed by the touch, 216 
Faſes of the firſt order of natural changes, why 


called Nymphs by the author, while they remain in 
their eggs, | 1 


Some inſets belonging to this order are viviparous. 28 


Enumeration of thoſe of the ſecond order. 93 
How far thoſe of the ſecond order differ from 

of other orders. 49, 92 
Enumeration of thoſe of the third order. 120 


The inſects of this order paſs twice through the 
Nymph-ftate. ib. 
Things peculiar to the ſecond mode of this or- 


der. P. II. I 
Enumeration of thoſe of the fourth order. P. II. 33» 
and following. 
See Order. 


Inſects that paſs through the Nymph-ſtate may be di- 
vided into inſects without legs, ſix legged inſects, and 
inſets with many legs. 8 
Inſe& without legs, how it becomes a Nymph by a kind 
of accretion. 9 
Its Nymph and Chryſalis, what ? ib. 
The thorax of theſe inſects undergoes no change or 
tranſpoſition. 8 
Inſect with ſix legs, how it changes to a Nymph. 10 
Inſects with 2 legs, never ſuffer any conſiderable 
alteration in the ſix fore legs. 8 


Water inſects, various methods of finding them out, 


and obſerving them. 40 
Their various tubes. P. II. 102 
Inſects bred in or upon plants, are not generated by its 
vegetable ſoul or principle. P. II. 79, 80 
In what manner generated by eggs. P. II. 80 
Inſects found in the tubercles ot the black Poplar, be- 
long to the ſecond order of changes. 3 


And thoſe found in the tubercles of the Willow = 
the ſecond. th, 
Enumeration of different kinds of them. P. II. 82, 83, 


3 740 to 743 
Inſects called Vaginipennia, what they are. 135 
IN TESTINES, the water, of Aldrovandus are the 
Worms of the Gad-Fly. P. II. 34» 35 
The earth inteſtines belong to the firſt order of muta- 
tions. 27 
Have red blood. 53, 109 
Their eggs ſhew the circulation of the blood. 133 
Their ſituation in the egg. th, 
Variety, figure, colour, and hatching of the eggs, 
and where found. ib. 
Inteſtines thick and flender, differ but little in the 
embryo ſtate. P. II. 118 
K 
KAKKERLAK. an Indian inſect, referred to the ſecond 
order of changes 95 
| L 
LEACH, referred to the firſt order of changes a8 
LIBELLA, or DRAGON FLY, ſpecies of it pre- 
ſerved by the Author 93 


The river Libella of Rondeletius, what ? 100 
LIVER, its office of ſanguification, defended 2 Bar- 
tholinus „ 
The Author aſſerts that ſanguificaton ought only to be 


aſcribed to the liver. P. II. 117, 119, 120 
LOCUSTS, belong to the ſecond order of changes 94 
Different ſpecies of them deſcribed 94, 95 


The wonderful ſtructure of the muſcles of their legs 123 
Briſtly hairs helpful in the changing of their ſkins. 135 
Manner of ſupporting themſelves ib. 


The manner of their making a noiſe 217 
Various ſpecies of them. 93, 94, 95 
LONG-LEGGS, belong to the third order of chan- 
ges 123 
Another ſpecies ib. 
LOUSE, COMMON, belongs to the firſt order of chan- 
es. 25 
Why ſo ſuddenly changed ib. 
How it appears viewed with the microſcope, ib. 
It reſpires. | 31 
In what manner it ſucks in the blood 34. 


Perhaps Hermaphrodites 
22 what its nit is, and how the nit is hatched. 14 
ts lex. | 


N DA EA . 


The particle within it, which appears in conſtant moti- 
on, is the ſtomach 170 
Its external parts; the head, ſting, antennæ, eyes, 
neck, breaſt, legs and their nails, abdomen, whitiſh 


poem the middle of the abdomen, and ſkin 30, 31 
an 


ous ſtructures of the external ſkin 37 
Brain | 36 
Heart, not diſcoverable by the Author 31 
Gullet 33, 35 


Small gut, blind guts, or vaſa varicoſa, colon, cloaca, 
ſtraight gut and anus, faces of the inteſtines 34, 35 
Spinal marrow, its origin and conſtruction, ganglions, 
nerves, coat, pulmonary tubes, and conſtruction of 


the nerves. 36 
Muſcles compoſed of globules 31 
Abdominal muſcles deſcribed | ib. 
Eyes and optic nerves 36 


Eggs, and number of them in the oviducts, uterus, vul- 
va, coheſion of the eggs with the oviducts, conſtruction, 


and pulmonary tubes 36, 37, 204, 205 
Pancreas, and its motion 33, 34 
Fat I. Tendinous dorſal ſpot 36 
Blood, confiſts of tranſparent particles 31 
Globules of blood are perhaps particles of the wounded 
fat or viſcera th, 
Trachez, and their numerous ramifications 31, 32 
Are very diſcernible 10 


Uncertain if they caſt any ſkins, on the Louſe's caſting 
its external ſkin . ib. 
Breathing- holes of the tracheæ, their inoſculations, and 


diſtribution all over the body ib. and 32 
Glue ducts, and bag 36, 37, 204, 205 
Stomach deſcribed 33 
How it digeſts the blood it has taken in 35 


Its wonderful motions | 34 
Uſe of the nails at the point of the ſting's ſheath 34 
Lice of blood animals, inſets, and plants, the Author 


uncertain to what order they belong. 26 
Almoſt all animals have their peculiar lice. 210 
Lice of trees, which belong to the ſecond order 26 


Of plants, prepoſterouſly ſo called, belong to the ſame 
order. 15 
Louſe, Water, of Goedaert, very different from the 
common Louſe, belongs to the firſt order of mutations, 
and is called by the Author the aboreſcent Water- 
Flea. 26. 

See Water-Flea. 

Lice of the Humble Bee, called Excitatores, by Goe- 


daert. | 210 
Of the Whale, deſcribed. 23 

LUNGS, the office of ſanguification allowed them 
by the Author. 119, 120 


M 


MAN his generation like that of Frogs and Inſects. 
. ih 8 04 


MICROSCOPE, thoſe beſt which have but one lens. 4r 
MOULDINESS, in what it conſiſts. NES 163 
MORDELL#,-or DRAGON FLIES, belong to the 


MITES. See Acari. 


ſecond order of changes 93 
Deſcribed, ib. and following pages 

Catch their food flying in the air 98, 99 
Of the manner of their copulation caſt their eggs 
in the water. 99 
Their parts deſcribed, 97, and following pages. 

14000 diviſions in the eye of a Dragon Fly. 211 
Its Nymph not well deſcribed by Authors 93 
Species of them preſerved by the Author 1b. 
The Nymph-Vermicle, or Worm of it. 97 98 
Various ſpecies 100 


MORTEAU, of Rondelitius, what ? 99 
MOUFFET, his opinion of the Aurelia refuted. 10, 11 
MOTH, what? P. II. 98. How, and with what mat- 
ter it makes its houſe ; for what reaſons, and at what 


time it forms itſelf a new one. 99, 100 
Sometimes it makes a thread, and to what purpoſe. 99 
How it moves about with its houſe. | ' 


Moths, their external parts | 99 
Various kinds of food, 40. Change into Chryſallides, 16. 
How they differ from the Phalena. 4 


Many and various kinds of them, ib. 100 


Moth, Bee-hive Moth, two kinds of them. 224, 225 


3 improperly called Moth, how it proves hurt- 


II 
See Butterfly nocturnal. * 


MOLES, their eyes have likewiſe three humours. 48 
MUSK-BAGS, of Worms found in them, and their 


M 


1.5 hs, from whence Beetles iſſue. P. II. 10x 
USCLES, their ſhells have a perioſteum 6 
The filaments of their ſhells deſeribed 1 
Theſe filaments, in other kinds of Muſcles, are called 
Byſſus; of which fine linen was made. ib. 
Freſh water Muſcles, found in Holland, deſcribed. 84, 85 
Muſcle, ſeparated from the thigh of a frog, how it may 
be diſpoſed for contraction. 4 It 123 
Muſcles undergo, when their nerves ate irritated, a con- 
traction, like the natural contraRion in all animals. 
P. II. 122, 123 
By no means grow thicker, but rather ſlenderer, at the 
time of contraction, their fibres, in the mean time, 
changing in their ſituation; as is ſhewn by variety of 


experiments. P. II. 124, and following. 
Are never found altogether deſtitute of motion, whilſt 
the animal lives. P. II. I25 


Even to perform any voluntary motion in the living ani- 
mals, ſometimes requires at leaſt a ſmall degree of irri- 
tation. R. Il. 125, 126 
In contraction diſcharge all their contents, which occa- 
ſions their whiteneſs. P. II. 128 
Occaſions laſſitude, by being too much diſtended with 
blood. P. II. 128 
Their condition, when firſt about to move. 129, 1 

Their tendons are not fixed in the bones, but themſelves 


become bony. 62 
Enumeration of their three ſeveral parts, 62 
Their contraction ſuppoſes a previous dilatation ; and 
this is of three kinds. | 130 
Requires no influx of the blood ; nor can it be demon- 
ſtrated by the conſtruction of the aorta. P. II. 127 
Spontaneous and voluntary contractions differ only acci- 
dentally, both being natural. P. II. 125 
The . at the time of contraction, grow conſi- 
derably thicker . 128 


Their motion in warm animals, in conſequence of an 
irritation of the nerves, is not ſo conſiderable as that pro- 
duced in cold animals, by the ſame means. P. II. 123 
Is excited in Frogs to a great degree, by the irritation of 
the nerves. | ib. 
Is conſtant on the antagoniſt Muſcles, or the Muſcles 
anſwering thereto, ceaſing to act. H. ns 


Theſe would be no voluntary motion, without antago- 
niſt Muſcles. 5 8 ib. 
There is no motion, where the antagoniſt Muſcles are 

ual. ib. 
Why a frequent motion of the Muſcles excites heat in 
living animals. . 128 
Blood may be made to run freely from a vein by motion 
alone, without holding one's breath. ib. 
The ſtate of Muſcles, that have not as yet performed 


any motion, eſpecially in inſects. I 


MUSCULAR MOTION, does not ſeem to require, B 


any animal, any other communication between the 
nerve and and the Muſcle, than a bare commotion of the 
nerve, by any cauſe whatſoever. P. II. 123, 124 
Does not ſeem to require any local influx of the ſpirits, ih. 
Seems to be effected by ſomething like that, which pro- 
pagates the ſound; from one end of a beam, to the 
other end when ſtruck. P. II. 124 
Its cauſe ſeems to conſiſt in a perpetual irritation of the 
origin of the ſpinal marrow, and the nerves thence 
arifin g, occaſioned by the impulſe of the arterious 
blood. ib. 125 
Illuſtrated by the impatient herb of Dodoneus, and tlie 
ods of one of the Balm plants of F. Columna. 129 
Muſcular motion, the knowledge of it how difficult; 
and how many things it ſuppoſes the knowledge of. 
. 1 121, 122 

Short explanation, according to the Author. 


I 
MUSCULAR FIBRES, their conſtruction. I 5 
NAU. 
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68 (QLIGERUS Jacobeus, his error about the uterine tubes 


of Frogs P. II. 10 


NECYDALIS, is a true Nymph 3 
NERVES, ſeem impoſſible to be pervaded, ſpirits. 1 =o gs oh 
| 124 The ſecond, which includes two Nymphs, and there. 


A to move by irritation P. II. 122, 123, 124 


NOTONECTA, inſects fo called by Mouffet 96 
NYMPH, the only foundation of all the * 2 in 
| of * MW 


inſets. 

Is but the inſect itſelf about to caſt its ſkins, and aſſume 
another form 5 
Why called the change of inſets 13 


Is not produced from the Worm or Caterpillar in con- 
ſequence of a change, but by an accretion of limbs. 3 
Is not changed into a 1 but becomes one, as a 
chicken becomes a Cock or Hen ib. 
Exhibits all the parts of the future inſect, as plain as 
the inſect itſelf ib. 
The Nymph and the Chryſalis, are nothing more 
than the inſect that is to be produced from them ib. 
No internal difference between them, and why ? 6 
The difference between the Nymph and the Chryſalis, 
and Necydalis merely accidental ib. 
The difference between the Nymph and Chryſalis con- 
ſiſts in the former's having a very thin external covering, 
and in its exhibiting diſtinctly all the parts of the future 
' inſet 8 

Very properly compared to the Dutch Brides 
It is the very inſect in a ſtate of life and ſenſation, tho” 
without any motion, except in its tail ib. 
How formed from the Worm | 9 
A Nymph produced artificially by heat, even in the 
depth of winter, may be changed into an inſect I2 
The ſame intrinſically in all ſpecies of inſects, and differs 
only externally according to the various forms of the 
different kinds. 13 
Nymph. This word ſignifies very well the nature of 
the thing it is intended to ſignify 3 
The words 1 and Chryſalis ſignify the ſame thing, 
2 


and ought to be conſidered as ſuch 

Their parts why moveable, flexible, and not united 5 
and why they can be fo plainly diſtinguiſhed th. 
Their coat every where equally thin, and therefore leſs 
capable of reſiſting the injuries of the air 8 
Their change to an inſect conſiſts barely in an evapo- 
ration of the ſuperfluous humours I3 


Nymphs themſelves differ accidentally 4 
The Nymphs of the Ants, Flies, and Bees exhibit much 


_ than other Nymphs, their future inſects 3, 4 
ot ſo well compared with childrens ſwathes, the 
human face, or other figures 13 
Why they grow while after their change. 5 


Have an inſenſible perſpiration 32 
By means uf which «hey «raput cd al mwcl ſupci flubus 


humours, at the ſame time that they evacuate nothing 
in any other way 7 
How they outlive the winter P. N. 1 
Which of them may be referred to the firſt, ſecond, 
third, and likewiſe to the fourth order P. H. 36 
All thoſe of the fourth order may be referred to the 
third, and for what reaſons P. II. 38 
True Nymphs which are bred within the bodies of 
Caterpillars, Worms, and Chryſallides, belong to the 
firſt order of changes © 
There are ſome of them which are bred in the bodies of 
vermiform Nymphs, and belong to the fourth order of 
changes P. IL. 37 
Thoſe bred in the ſubſtance of fruits, warts, leaves, 
woods, c. belong to the fourth order of changes ib. 
Nymphs their ſmallneſs, conſtitution, and the nature of 
the places where they are found, explain in ſome mea- 
ſure the reaſon why their ſkin ſhould be thinner and 
ſofter than that of a Chryſalis 

Their retaining their moiſture is not an accidental 


thing 8 
Their limbs how diſpoſed F. 1 
In what they differ from the Chryſali. ib. and fol- 
lowing pages. 

Many ſpecies of them bred from Worms within the 
bodies of Aureliz 


P. II. 36 


. PHALANGIU) 


fore two modes of c | 209 
The third, deſcribed and compared with the firſt and 


ſecond i 119 
Inſects belonging to it 121 
Inſects referred to the ſecond mode or method of this 
order . 


An example of this ſecond ſpecies or method P. II. 5 


Why this order is called the Nymph 

The fourth, Ty 1 
Inſects referred to it P. II. 34 
The firſt ſpecies or method of it P. N. 32 
The ſecond ib. 


ORSOD/ENA. the Dragon-Fly, fo called by Junius 93 
OAK, The Worms bred in its dowry excreſcencies, 
their Nymphs and Flies. P. IT. | 91 
One of its downy excreſencies deſcribed. ib, 
Tubercles growing on its leaves, their ſituation, ſub- 
ſtance, origin, ſize, figure, internal cavity, ſucceſſive 
mutation; the bean- like parts they contain, the num- 
ber, ſituation and ſubſtance of theſe parts, with the 
Worms found in them, and the change of ſaid Worms 


into Nymphs and Flies. P. II. 91 
P 

PENCILS deſcribed. 67 

PERLA or Dragon Fly has very large Eyes and a 

great number of them. | 23 


of Aldrovandus, ſee Libella. 
PHALENÆ Dutch, very large, their eggs, and coſſus 
from which oo are produced. P. . 
„a very large poiſonous Spider of Brazil. 
20 
downy, or Tarantula. ih. 
PHILOSOPHIZING, the true method of Philoſophizing 
perfected by experiments. P. IL 136 
PHYSALUS ſeems to deſerve being claſſed rather amongſt 
ſea hedge-hogs, than Catterpillars. P. II. 15r 
Its external parts: briſtles; downy hairs; opening of 
the mouth; tubercles. P. H. 190 
Dorſal perforations ; gills ; moveable parts of the mouth; 
heart; blood veſſels ; ſtomach ; inteſtines. P. II. 150, 151 
Inflation and burſting, how performed, P. II. 151 
PINNA, what it is. 66 
Its name whence derived. ib. 
PINNOPHILAX of Ariſtotle and Aelian, what. ib. 
PLANTS, their budding, and the coming forth of their 
flowers, reſ-mbles the change of Inſects. 9 
Their gon agrees with the faur orders of the changes 
of Inſects. 19 
Compared with the generation of Inſects. ib. 
POPLAR, black, the internal form, ſituation, origin, 
ww internal cavity, and contents of their ebend 3 
wow orms, Nymphs, Flies, downy matter and its 
uſe. - P. II. 

PURPLE FISH, the cenvolutions of its ſhell inverted. 2 
The part where it carries its purple dye. 58 
PROSCARABZEUS belongs to the third order of muta- 
tions; different kinds, 125 
PSEUDOSPHECZ belong to the third order of muta- 
tions; their different kinds. 122 
Some of them bred within Caterpillars or Chryſallides. 


P. II. 70 
PURGES, the Authors theory of their action. Fi, — t 
There are no ſpecific purges, and why. 52 
R 
RAY, a fiſh, its uncommon nerve running from the 
brain to the mouth, which is perhaps ſubſervient to 
the ſenſe of hearing or that of ſmelling. 214 
The pupil of this fiſh is furniſhed with a lid. P. II. 141 
RATS; 


RATS ; a ſutty matter found in the og of thai 
teſticles. 2 | | „II. 105 
RESURRECTION of the dead, how it differs from the 
changes of Inſects, | 9 
„ — illuſtrated by the Exam- 
ple of the day Butterfly, Ern 


8 


SENSTTIVE Plant, leſs ſenſible in autumn than in 
winter 23 P. II. 12 
SCOLOPENDRA referred to the firſt order of changes 2 
The great, oriental Scolopendra ib. 
SCORPION belongs to the Arſe order of changes 28, 42 
Proved to be viviparous by Redi's experiments 41, 42 
Its head and breaſt united ib. Its pincers, legs, flagella, 
rings of its belly; its tail; the conſtruction of its ſting 42 
Its eyes, their number and ſituation ib. Another ſpecies 
of it, with the flagella, and fix eyes of this ſpecies ib. 
Scorpion of America ib. Water Scorpion is of the ſe- 
cond order 95, How many ſpecies of them in the 
author's cabinet ib. 73. Their way of living 103. 
The largeſt ſpecies ib. Flying Scorpions, ſpecies of 
them; their anatomical diviſion ; external parts; head 
and its parts; thorax and its parts; four wings; abdo- 
men and its parts; tail, legs and arms 101. 
Internal parts 102. Stomach, inteſtines, glands, vaſa 
varicoſa, fat, pulmonary tubes, air, veſicles, ſpinal mar- 
row ib. The female, and her genital parts, ovary, 
oviducts and eggs 102, 13 The male, and his 
enital parts; his penis; the root of the penis; vaſa 
S:Ferentia; ſeminal bags; teſticles ib. 102. ater Scor- 
pion, of Redi, what? 93. Great Scorpion, its 
fourteen eyes, tail, colour 42 Sea Scorpion of Redi, 


what? 100. Scorpion of Molucca 43. Large 
oriental 42. Scorpions found in Holland, deſcrip- 
tion of them 43 
SCROPHULA belongs to the genus of the Aſelli 27 
deſcribed ib. 
Snel, Scrophula fo called, deſctiption of it th, 
How its able to kill Perches ib. 


SERPENT S when they change ſkins, likewiſe draw a 
llicle from off their eyes 174 

* five different kinds of legs . 3, 8s 
SPERMA-CETI, what; prepoſterouſly taken for the 
brain; is likewiſe found in the Ray's head P. II. 123 
SPIRIT S, their local influx does not ſeem requiſite for 
muſcular motion ; it cannot be performed, nor be de- 


monſtrated 3 
SPONDYLA, rubra, of Mouffet 4 
SNAILS, belong to the firſt order of changes, are her- 

mophradites 28 


The opinion of their being produced from ſlime fa- 
bulous 44. A ſtone found in them which anſwers the 
purpoſe of an os ſternum 28. Snails de not ule their 
horns, for the ſame purpoſe, that the blind do ſticks 70 
Drop their eggs at random on the ground, or faſtened 
together in form of a chain 59. Snails, the uſe of 
their different parts 43- The verge promotes greatly 
the ſhell's growth, and in what manner 65. The ten- 
dons of the muſcles petrify at their inſertions into the 
ſhell 65. Sometimes ſmall Crabs, and Sea-ſtars have 
ſhells, but not in the nature of a conſtant habitation 66 
The ſhell, what in general we ought to think of its 
conſtruction 63, 68. It is not the Snail's houſe, but 
its real ſkin or bone 44, 78. Is formed even in the 
egg itſelf 63. Has its perioſteum 64. Receives nou- 
riſhment as well as the ſofter parts ib. How repaired 
by the Snail, when it has received any damage 65 
4 to a ſtone, tho' buried under freſh or ſalt 
water ib. The firſt matter of it a mucus 64, 65 
Snail, that is called Aliekruyk, at what ſeaſon made uſe 
of as food, and what parts of it 80, Where to be 
found th, 
Its external parts; its ſhell with the Worms that eat 
into and thro the ſhell ib. 81. Of its head, horns, ſkin, 
lid, ſigns of fight, verge, vigorouſneſs, and amphi- 
biouſneſs ib. 
Its internal parts 82. Its mouth, tongue, brain, ſali- 
val ducts and glands, nerves, eyes, ſtomach and inteſ- 
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tines, liver, heart, blood veſſels, and purple bag 81, 85 
The Water Snail moves itſelf in the egg for ſome days, 
before it is hatched HOW . 
The flatted Water Snail, its deſcription; its internal 
parts; its ſhell ; purple juice ; in what it agrees with 
the viviparous, and common water Snail ; its live 
Worms; liver; particle in form of a chain; uterus 
and penis . 

The common Water Snail has ſometimes two eyes at 
one ſide 73. Ho it ſwims, and can at pleaſure by the 
means of air ſink to the bottom, or riſe to the ſurface 74 
The manner of diſſecting 75. Digeſting it in the ſto- 
mach 74, 75. Its eggs 75 


Its manner of ſwimming 
The Garden Snail deſcribed; © 
The Snail's genitals and coition differ from thoſe of 
Vine Snail's; and in what manner the Garden Snails 
copulate 70. The ſhell of the Garden Snail deſcribed 
o. Its head like a Cat's ib. 
nail whoſe ſhell is twiſted inverſly, has likewiſe its 
nitals placed in a different manner 68. Marble um- 
ilicated Snail deſcribed 82, 83. Small flatted Snail, 
and its purple blood deſcribed 84. Small flatted Snail 
deſcribed 6g, Wonderſul viviparous Snail ; its native 
place 75. Food; external parts; colour; lid; man- 
ner of \wimming 76. The difficulty and manner of diſ- 
ſecting it ib. Its verge; the en of its parts 
with little ſtones altogether wonderful ; its ſtraight 
ut 76, 77. Its ſtomach, excrements, gills, uterus ; 
cetuſes found alive in the uterus ; and Worms found in 
the ſubſtance of the uterus 77. Various eggs found in 
the uterus ; the live uterine "AT ſeen with the micro- 
ſcope 78. The tongue or proboſcis, gullet, ſtomach, 
ovary and its eggs; liver conſiſting of very diſtinct 


glands 79. Brain and nerves; eyes 79. The uterus 
always appears Pregnant with eggs or Snails 79, 80 
The live uterine foetus ſwimming ib. e humour 


called amnion belonging to the eggs ; time of bear- 
ing 80. The variety and number of eggs found in the 
uterus 79: The ſhell or houſe, and its perioſteum; 
weight 80. Naked does not at all exhibit the motion 
of any animal ſpirits : Naturaliſts being led aſtray by air 
bubbles moving on its ſurface 51. The author has 
ſeen them naked even moving in the egg 63 
Field or path-way Snail differs from the houſe Snail 72 
Its velabrum ; a4 6 belonging to the skin; virge, 
colour, genitals, horns, ib. Brain, gullet, ſalival ducts 
and glands; inteſtines, liver and gall duct; aperture 
of the genitals; penis; purple bag; uterus, glue-bagz 
tube in form of a chain; ovary and eggs; heart, alka- 
line-bag 73 
Houſe Snail deſcribed 70. Deſcription of its external 
parts; its horns ; velabrum ; glands of the skin; per- 
foration of the genitals ;- heart, auricle, and pericardium; 
ſtone, which they ſeem to change every year {Os 71. Al- 
kaline- bag; conſtruction of the ſtomach ; ſalival veſlels ; 
inteſtines z liver, tobth and ather parte of the mouth 7L 
Brain, ſpinal marrow, nerves and muſcles 13. Geni- 
tals, penis, ligament of the uterus ; the uterus itſelf ; 

lue-bag, particle in form of a chain, ovary and eggs 72 
Snail, The covered Snail, at once beth male and fe- 
male, great devourers of vegetables 48. Loves bread 75 
Sickens in dry ſituations 51, Has the ſenſe of taſting, 
and that of ſmelling, in a pretty conſiderable degree 49 
Is a very timorous animal 1b. Has no voice, nor makes 
any noiſe 50. in what manner it repoſes and ſuſpends 
itſelf 51. Loves company, and at what ſeaſons 
2 ib. Very vigorous and robuſt ib. Seems to be 
long lived, and why? ib. Not conſumed by ſalt, but 
only killed by it, and in what manner ib. May be 
ſerviceable in making experiments on purging medi- 
cines ib. The beſt manner of killing it in order to 
diſſect it 52. Has no gall bladder 55. Sometimes eats 
into and throws off the perioſtium of its ſhell 64 
Dies three days after being ſtripped of its ſhell, and with 
what ſymptoms 65 
Changes obſerved on opening it a little after copu- 
lation 54 
The diſpoſition of its internal parts five weeks after 
copulation | ib. 


The method of opening it, to obtain a view of its in- 


ternal parts 45 
C The 
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The method of watering it, requiſite to keep it in good 
health. 3 8 | 9 
method of 
he method, and beft time, of ſending it abroad. 52 
beſt method of diſſecting it. AS 5; 
vered Snails ſeem to have a very dull ſight 8 
Their food,” and time of feeding, - 49 
In what manner they breathe, and the ſervice breathing 
does them. | | | 58 
In what manner tlieir ve motion is effected, and 
the method of obtaining a fight of it. 50, 5Y 
Their ſeaſon for copulation, how long it laſts, and how 
it returns. AN | 59 
Their mutual copulation, in what manner . 
| «+ A, | 50, 5 
Things remarkable before and aftertheircopulation. 58, 59 
What liquors may be made uſe of to inject their veſſels. 54 
Their ſoft and hard parts, four horns, lips, and mouth, 
perforation of the genitals, limbs, and its perforations z 
verge or foot ; blood ; ſhell, how to be broken off ; the 


horns are adorned with glandulous grains. 44 to 45 
Aorta. 5 3: 
Brain, moveable backwards and forwards. 46, 60 


Its ſituation, conſtruction, and cleft for the paſſage of 
the ſtomach. 45, 60 
Heart, 50. Its ſituation, parts, conſtruction, valves, 
in form of a creſcent, 53. The manner of obtain- 
ng a good ſight of the heart. 53 
orns very ſenſible. 49. How rolled out. 4 

How diſpoſed when drawn in. ib. What number ſerve 
to draw them in ib. The mucous glands of the horns, 
and the mucus itſelf deſcribed. 

Upper ones have eyes at their ends, 45. Are hollow, 
and for what purpoſe ib. Their extremities 7b. and 
ſmaller nerves 42. Lower ones, and their nerves 76. 


The nature of the ſkin under the verge 53 
The chyliferous Ducts 55 
The two ſalival ducts, and ſaliva 55, 56 
Gall no way bitter. 55 
Fringes perform the office of feet 50. Their con- 
ſtruction 10. 63 
Excrements of what form, 50 


Genitals male and female 556. How diſpoſed after coi- 
tion 59. Parts common to both male and female geni- 
tals I. The particle in form of a chain 58 
The penis deſcribed 56. Its muſcles and nerves ib. 57 


Its tranſverſe muſcle 56. Vas differens 58 
Spermatic veſſels delightful eating 55. 
The ſituation and fize of the ſaid veſlels 56 
The manner of demonſtrating them ib. 
The ſtructure of the teſticles, and the ſeed 57 


The uterus; its nerves and muſcles, conſtruction, faſt- 
ening, ligament 57. Diſpoſition of the ovary, ib. 
Blind appendage 57. Its alkaline bone deſcribed, ib. 
A diſſertation on the uſe of ſaid bone 58 
Situation, lobes, and veſſels of the liver 55 
Its glandulous texture, colour, hardneſs, pulps, juice, 
external coat or ſkin, and agreeable flavour. ib. 
The animal's external lips; the teeth, and their muſ- 
cles, with the expanſion of the teeth over the palate; 
the palate itſelf; mouths of the ſalival ducts; and in- 
ternal lips. 48 
Verge, its coheſion, conſtruction, figures, inciſions, 
perforations, veins | 49. 
The tongue, its ſtructure ; the cartilage, in form of a 
creſcent, that ſerves to cover it ; the muſcle ſerving to 
draw in the tongue, palate, jaws, and brain ; the in- 
dented extremity of the tongue 48 
Spinal marrow, its ſituation 62. Conſtruction ; gan- 
glion, and muſcles ſerving to move the faid ganglion 
backwards and forwards, with the nerves adminiſtering 
to the ſaid muſcles. 60 
Muſculous membrane found under the ſkin 45 
Covered Snails, the manner of ſeeing the mucus iſſuing 
from the glands of their ſkin 54 
The muſcles are ſtrong 5: How they are inſerted into 
the ſtone or ſhell 62. Three muſcles, ſerving to thruſt 
out the mouth, and parts of the jaws, 48. ranſverſa 
indented muſcles of the belly 53. Muſcles of the uterus 
and ſpinal marrow, 60, 61. Muſcles of the legs; 


0 oh of 
it from its nell. 50 


it. 4 
SPINAL MARROW, in large and ſmall inſets, com- 


their conflru&tion and inſertion 62. Of Mafcles of the 
lower horn _ 62. Muſcles of the upper Dorne fer. 


ving to draw in the eyes ib. Muſcles ſerving to draw 
in the jaws, and of the mouth, 5. ving to 
move the verge, their inſertion and courſe ib. Serving 


to move and raiſe the middle of the body ih. Difference 
between the fleſhy and tendinous parts of the muſcles 69: 
Nerves ſerving to move the mouth and gullet 47 
Adminiſtering. to the parts 6f the jaws, mouth, and 
palate; optic nerves; nerves belonging to the lower 
horns to the muſcles of the ſkin of the head; nerves run 
ning under the parts of the mouth and palate, and ſub- 
ſervient perhaps to the ſenſe of taſte , nerves iſſuing - 
from the brain; from the ſpinal marrow ; belonging to 
the muſcles of the neck; to the ſpermatic veſſels; to the 
muſcles that ſerve to move the ſides ; to the uterus, to 
the vetge. 61, 60 
Origin of the nerves from the brain, and their courſes 
* Their muſcular ſheath and ligaments. ib. | 
e eyes where placed 45. By what contrivance the 
ſight is performed 48. ic nerve of the eye, and its 
muſcle, 45. Its figure; coat called uvea; parts; three 
humours ; what end anſwered by the ſpreading of the 
muſcle over the coat; the eyes, ciliary ducts; retina z 
its pupil, not ſeen by the Author, 47, 48 
Many Naturaliſts have attributed eyes to the horns, and 
ain denied their exiſtence. 45 
Lid, what it is? and its conſtrution. 65 
The ſalt bone, perhaps, ſerves to ſhake the ſeed into 


the uterus. 64 
Eggs before copulation are very ſmall. 57 
Maſcles ſerving to move the foot, their conſtruction 


and inſertion, 62. | 
Situation of the lime-bag, its colour, connexion, tex- 
ture, duct, uſe, and taſte. 54, 55 
Its colour, nature, and ſituation. 54 
Difference between the blood and the mucus. 54 
The ſhell exhibits marks, which like thoſe on the horns 
of black cattle ſerve to ſhew the Snail's age. . 
The ſhell is a true ſkin, or ſtony bone. 64, 65 
Swells, increaſes, and hardens, like the ſhells of Crabs, 
and bones of men 64. In what manner it grows 
ib. Its conſtruction 63. Its pillar, and the perforation 
of the pillar 16. It perioſteum 64. Its various ſizes. 


6 
Tube, common 10 the kidneys and uterus. 5 
Vena cava, and its branches. 
Stomach, its ſituation, three coats, veſſels, colour, 
the pylorus; ſmall guts; in what part of theſe the gall 


flows into them; exitus of the ſtraight gut. 55 
Snail, the oval one. 

The pyramidal and cylindrical ones. 66 
The tubular one. 68 


The vine one. See covered Snail. 


SPIDERS, belong to the firſt order of changes 20 


Have no antennz or horns, nor Scorpions neither 21 
See better than other inſects, except the Dragon Fly 23 


See further particulars, 23. P. II. 54 
The Author never obſerved that Spiders, however irri- 
tated, diſcharged any virulent matter. 22 
Parts obſerved by the Author. 21 
See further particulars. 22, 23, 24, 25 
Various ſpecies a 
American Spider, 20 
The Holland Spinning Spider. . ib. 
One from the i of Good Hope. ib. 
The crimſon Spider of Liſter. 24 
The long-footed one. 21 


The Flea-Spider. 

Two ſpecies of it. 2 3 

The Hedge Spider, which carries its eggs about wit 
2 


23. Deſcribed. 21, 23 


pared 91. Its origin, and all the nerves derived from 
it, ſeem to be moved by the irritation of the nerves 
alone. P. II. 124 


SILK-WORM, falſely ſaid by Malpighius to have more 


hearts than one 111. Has twenty breathing-holes 180 
A deſcription of its change, by Malpighius. P. II. 2, 3 
Fat, and ſome other parts 136, 137, 138, 139 
Its filk 138. The bag, containing a glutinous mat- 

ter 
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* 204. The manner of their copulating 132 
229, 187. Ofthe male 132. IL. 221. les 
genital parts 139. Of the female's * and duct. 


SKIN, the chan of it common to all inſects, * 174 
STAPHIEINUS, its deſcription, and various ſpecies : 


| belongs to the third order of changes. 125 
STAGE if caſtrated when young, their horns will never 


: G Their horns encloſed by a perioſteum 64 
ALLOWS, fly near the earth, follow the courſe 

of the Sun, in order to catch inſects, which are their 
food. P. II. 133, 134 
T . 

TT ADPOLE, belongs to the ſecond order i gs 
II. 177 


The true Nymph of the : 9 
In what manner and time it Sits ſkin. ibid. 119 
By what aliment nouriſhed. ibid. 105 
Its external parts. ibid. 11 Þ and following pages. 
THISTLE, COMMON, how the Flies perforate, and 
lay their eggs in it. ibib, 89 
TEETH, in a human abortion of ſix months old, were 


viſible, but membranaceous. 18 
In Men and Beaſts, compoſed of innumerable ſm 
filaments. 65 
TOUCH-ME-NOT, an herb, in what manner the pores 
of it contract. 129 
TICK or Ricinus of Aldrovandus ; the Author does not 
not know what order it belongs to. 26 


TARANTULA belongs the firſt order. 20 
The power of Muſfic in curing the effects of this Inſect's 
bite, is looked upon as a mere fable in Italy itſelf, 
and is no better than an impoſition uſed by beggars 


and vagabonds. 25 
TEREDO loves bread 75 


TORTOISE has two kinds of bones. 62 
It is neceſſary that when it lays its eggs, the ſutures of 
the ſhell ſhould open, ib. Sutures of its ſhell very un- 
common. th, 
TETTIGOMETRA, what. 96 
TUBES teſtaceous deſcribed, 68. Different kinds of 
them belonging to thoſe of water Inſects curiouſly con- 
ſtructed, P. II. 102. Thoſe of Worms cqually cu- 
rious, ib. 101, 102 
TURBO deſcribed, 166. Small water Turbo, 82 
Small Turbo found in the bark of the Willow, with 
its ſhell convoluted in manner deſcribed, 168, 169 
TRANSFORMATION or Change, what the Author 
intends thereby, 2 


W 


WAX. conſiſts of globular particles, 162. How made 
by Bees unknown, P. II. 208. True Virgin-wax 

what ; that commonly ſold in ſhops is not ſuch, 165,166 
WATER Fowls devour fiſh head foremoſt, 196. How 
they prepare their wings that may reſiſt the water, 154 
WEARINESS, how occaſioned, TE. 120 
WORMS, how they move themſelves in little Cells made 
of dry wood. P. H. 81 
WASPS belong to the third order of changes, 121. Suffer 
a great number ot females in their neſts, and why, P. II. 
189, 190. Their ſtings and poiſon- bags, ſome parts of 
them deſcribed, 7b. 197, 198. Spinal marrow runs 
thro* the common ducts of the ovary, ib. 204. Their 
eyes, ib. 215. Ovary and oviducts, ib. 203. Eggs, 
ib, 205. Proboſcis how formed, ib. 196. lue-bag, 
and its veſſels, ib. 204. Taſte and ſtrength of their 
poiſon, 205. Males ſeem to bufy themſelves about their 
offspring, P. II. 190. Species and deſcription, 121, 230 
Waſp called Ichneumon, 122. Solitary of Mouttet 
belongs to the third order of changes. 121 
WILLOW ſerves to breed a great many Inſects, P. II. 83 
Its juice like honey, 173. Its leaves deſcribed, 
with their three coats and their veſſel, P. II. 75, 88 


Their tubercles or warts containing Inſects, ib. 85 
The Worm of theſe warts without feet; its extern 
parts, l teeth and their uſe; its very ſmall 
Nymph belonging to the firſt mode of the third 
order, and its conſpicuous limbs; the Beetle produced 
from it, and its parts, ib. 83, 88. Another ſpecies of 
Worms changing to a Fly, ib. 85. Tubercles how 
produced, ib. 80, 81. Their ſituation, conſtruction, 
different forms, internal conſtruction, colour, ſituation 
on different parts of the leaf, ſize and contents, ib. 7 
Alteration in them when the Caterpillars have iſh 
from them, ib. 78, 79. The egg contained in theſe 
tubercles; the different ſizes of it; its figure, colour, 
variety of ſituations, without any adheſion ; manner of 
receiving nouriſhment; its increaſe 3 how buried in the 
tubercle, ib. 76, 80. The Caterpillar iſſuing from the 
„ib. 77. See Caterpillar. The Fly, ſee Fly. 
arious other Worms and Animalcula. $2, 83 
Roſe, what and whence produced, P. II. 85 
Worm bred in it, with the Nymph and Fly of ſaid 
Worm. | ib. 88 
WOOD-LOUSE, ſee Aſellus. | 
WOLF-BEE deſcribed, two ſpecies. P. II. 224, 225 
WORMS are not changed into Nymphs, but become 
Nymphs by an accretion of their limbs. 3 
Even in this ſtate exhibit the diſpoſition of parts obſerv- 
able in the future Nymphs and Flies, ib. and really 
contain in a growing ſtate all the limbs of their future 
Inſects. I 
In what manner they are gradually changed into oth 
Inſects. ibid. 
Are never transformed into other animals, but contain 
limbs growing under their ſxin, which afterwards ſud- 


* 


denly appear on their throwing it off. 17 
'Tho' diſtinguiſhed into males and females, never copu- 
late as long as they remain in the Worm form. 27 


How they outlive the winter. . 
Very often more vigorous than the Inſects produced 
from them. ibid. 
A ſingle one, or many of them ſometimes live, and turn 
to Nymphs within the body of a Caterpillar, another 
Worm, ora Chryſalis. P. II. 36 
The Author can ſhew the future inſect in Worms, that 
have not as yet attained the Chryſalis ſtate. 7 
Worms, their feet never turned to their back, at the 
time of their change. 
The manner in which 
live. 

Water-Worms, living in tubes, without legs. 


I 

ſome of theſe without feet 

11 

P. II. 

101, 102 

Feeding on Cabbages, without legs, belong to the 
fourth order of changes. P. II. 

Their change into Nymphs and Flies. P. IL. 97 


Frequenting Thiſtles, making uſe of their excrements, * 
and caſt oft ſkins, worked up together, as a covering, 
and their Beetles. P. II. 96 
Bred within tubercles that grow within the leaves of & 
ſaid plants; their Nymphs and Flies, P. II. 8g 
Carnivrous, belong to the fourth order 4 changes. 
II. 
Haſten and increaſe the putrefaction of the fleſh hey 
feed on. | P. H. 36 
Another ſpecies of theſe Worms, that 2 = gelle 
| N II. lor 
Called Earth Inteſtines, belong to the firſt order of 
changes. ; 27 
Ridiculous to imagine -that-thoſe found in human and 
other bodies are produced from eggs taken in at the 
mouth. P. II. 
Bred in wood, how they move themſelves in their cavi- 


ties. P. II. 81 
Beautiful Beetles produced from Worms 1 upon rot- 
ten Wood. 101 


Frequenting Lilies, covering themſelves with their ex- 
crements and their beetles. P. II. 96 
Worms, frequenting the leaves of this flower, like the 
Cochineal worm. | 182 
Found in Hazel-nuts ; their origin and change. P. II. 87 
Preying on the leaves of the Willow; their large teeth, 
88 mod 3 the Beetle produced from it. P. II. 38 

2 | 


Worms, 


* 


W 
illow, at umin form 
Flies. , FP. A. 85 


Living within the roſe of the Willow; their Nymphs 
and Flies. | P. II. 86 
Aſſine Flies i | 142 
Their food, and manner of feeding. 143 
Tooth examined with the microſcope 143 
— — parts, and in what they differ from _ 
In . | 16. 


Bog-houſe Worms, belong to the fourth order of chan- 


f 34 
Newly hatched and full-grown, and in what manner 
they move from place to . P. II. 38 
Their external parts PL » 40 
How they become Nymphs. P. Il. 40 
Another ſpecies of them. . 4 
Moth - like, the firſt ſpecies of theſe Worms; its Nymph 
and Fly P. II. 100 
The ſecond ſpecies, and its three changes. ib. 
Living in tubes, earth, and their 3 P. II. 101 
In water, without legs. . IL. not; 202 


Found in Alder-leaves; three ſpecies of them; the 


Chryſalis of the firſt ſpecies, and the 4” 1 


from it | P. N 
Having houſes of their own, in which like Tortoiſes 


they walk about, changing to Nymphs, belong to the 
fourth order of changes P. II. 38 
Worms found, musk-bags, and their Nymphs and 
Beetles 101 
Feed even upon the feathers of birds ib. 
Found within the bottom of the Oak, their Nymphs 
and Flies P. II. 90 
Within the bean-like part of Oak tubercles; the manner 
in which they are nouriſned; Nymphs and Flies into 
which they are changed P. II. 93, 94 
Bred in the ſponge of the Dog-roſe, their Nymphs 
and Flies p. II. 94, 94 
Aſſuming the Nymph form in very delicate webs, be- 
long to the fourth order of changes, and Jeſs known 
than other Worms. P. UH. 37, 36 
Inhabiting the tubercles of the black Poplar, their 
food, Nymphs of the ſecond order; the change of their 


Nymphs into Flies. p. Il. 95 
Bred in ſtinging Nettles; their eggs, Nymphs, Flies. 
| . Us 89 

3 $3 


Y YLOPHTHORI of Aldrovandus, what kind of 
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Found in live animals, their crigin capa inexplicabls 
** UI. 68, 8 
Species of Worms bred within Chryſal 1 and Cate 


pillars. . 70, 0 
Bred within the bodies of Chryſallides, and boring theit 
their way through them P. II. 


3 


Seldom turns to Nymphs in the bodies of Aureliz, 
and why? 7 SR en |; 
The Vermiform Nymphs of Worms, which are faid to 


ſpring from putrified Aureliz, belong to the fourth 


order of changes P. II. 5 
'The Vermiform Nymphs, which become Nym 
within the bodies of Aureliæ, belong to the fourth order 
of changes P. II. 


; 6 

The manner and ſeaſon of finding them out P. i * 

uncertain how they _ 
6 


Worms bred within Caterpillars, 
get there | P. II 

me Worms change to Nymphs within the skin of 
Caterpillars, whoſe inſide they have devoured, and after- 
wards iftue from it in the form of Flies ib. 
There are ſome bred within Caterpillars, make their 


8 
9 


Change into Vermiform Nymphs „ H 7. 
At length produced from them P. I. 43 


- 
- 


way out, and afterwards at length turn to real Nymphs _ 
P. ö 


| H. . 
Thoſe, which turn to Nymphs within their own and a 
borrowed web, after creeping out by the holes they 
have bored for themſelves in the Caterpillar, belong to 
the fourth order of changes P. II. 38 


The Vermiform Nymphs of Worms, which iſſue from 


the bodies of Caterpillars devoured by them, belong to 


the fourth order of changes 


Of Flies contained within the Caterpillars of But- 


terflies P. II. 71 
With two heads, ſome of them both oviparous and vivi- 
_—_ infeſting the lungs of Frogs. P. II. 101, 109 

orms that become Beetles are contained in the Worms 
of the larger Beetles 7I 
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P. II. 


Worms 


Ihe Reader is deſired to excuſe and correct tlic ſollowing ERRATA. 


Inſtead of pleaſe to read 
Page Col. Line | | | 
gi—2— 3 like a point like a point & 
32—1—44 of thoſe rings ————of thoſe rings f 
39—2—47 pidgeons - - —pPigcons. 
46—2—34 ſtomach — — ſtomach 5 
52—2—37 operculum - - ———operculum Tab. IV. Fig. II. m 
51—2—45 Aa little dilated, —————— little dilated 4 
56—2—31 difterens, which opens——defferens þ þ which opens 7 
57—1—18 penis e penis Fig. XX. e 
Go—1—54 the brain the brain c 
61— —44 bones —— — — bone 
63—1—45 Tab. IV. Tab. VI. 
65—2—29 halictations habitations 
67—1— x Stenon Steno 
— —6 ſtretched out, Stretched out fF 
69—1— 4 two upper ones —two upper cc ones 
73—1— 8 divided ſkin — divided ſkin c 
m——10 tube — tube z 
76—1—36 uterus — cr e 
27 —2—31 ridge —ridge 6 
go—2—40 obſerved b ſeveral ———— obſerved ſeveral 
98—1—50 Fig, 1 Fig. I. a 
— wings — A ing d 4 
100—2—54 Fig. VII. Fig. VII. @ 
101— — 2 belong — w——E"y_5 


152—1— after Fig. V. 
1631-7 th line from the bottom Delphos Delft 
P. II. 


11—1—33 


| 


Inſtead e leaſe to read 
Page Col. Line if f 7 7 
102—1— 1 entraneous — cx. 
— 2—8 middle e-, — —— middle c, 
104—1—29 1661 —— 1671 
108—1— 5 exuberant n—etcrnt 
— 2: Fig, IV. — —xfiz. IV. ff 
109—2—58 this, — ———-this /, 
122—1—44 Panopes,— Panorpes, 
132—1—;1 Tab. XVII. — — Tab. XXVII. 
m— varus various 
135—1—29 hairs, ——-hairs f, 
136—1—37 Tab. XVII. -- Tab. XXVII. 
138—2— 8 the nerves the nerves d d d 
139—1—21 kaot k not f 
bY) teeth — z teeth d d 


and VI. blot out S c and 4 


head a — head and 


532—1— 8 Hornius — —— Horne 
141—1— 8 Stento — Steno 
146—1—13 with — —vith 
149—2—26 fibres, — fibres f, 


The Copper Plates are to be placed between the Explanation of the Tables and the Index. 


